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PEEFACE 


An iateosive knowledge of chemistry may lead into such 
specialized and highly practical commercial fields that the 
layman is prone to overlook the fact that this science also 
has a place in the curriculum of culture. Yet this is true by 
very virtue of the prominent part played by chemistry in 
modern life. The daily press, magazines, and writings with a 
greater claim to a place as literature, may all be read with 
keener understanding and appreciation if the many scientific 
references or implications they usually contain are intelligible 
to us. And as we may become better readers through some 
chemical knowledge, likewise may we be more intelligent 
talkers and listeners when conversation turns to automobiles 
or the radio; paints, lacquers, or alloy steels; foodstuffs, 
rayon, cellophane, drugs, or medicines. 

Chemistry is of cultural value also in that as a study it 
develops the reasoning power and improves the memory. 
It demands the precision of mathematics, and an exactness 
of words and endings comparable to the study of a foreign 
language. And analogies of discipline and government may 
be drawn from the fact that no subject shows more clearly 
that the characteristics and behavior of the mass depend upon 
the relationship and arrangement of its minute particles. 

The aim has been to make this book practical without 
neglecting the fundamental principles upon which the science 
is based. For that reason the relation of chemistry to water 
purification, fuels and illuminants, agriculture, paints and 
varnishes, dyes, textiles, foods, and paper is especially 
emphasized. 
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PEEFACE 


The chemical processes have been selected and discussed 
mth a view to illustrate chemical principles. A brief recital 
of the struggles of the men who were pioneers in chemical 
thought IS given in an effort to humanize the subject and 
make it more vital. Throughout the text the author has used 
simpledanguage, well within the grasp of pupils of high school 

throughout to make the book so 
readable that it will be unnecessary for the instructor to spend 
valuable time in explaining and translating. 

thS??n^ chemical 

theory m a clear, concise, logical manner. The chapters 

eahng with atomic theory, atomic and molecular weights 
valenceand chemical equations follow one another in lojill 
or er. Enough typical examples are studied in each of these 
chapters to give the student a clear conception of these fum 
damental principles as a whole. During his long teaching 
experience the author has endeavored to study the mis^S 
ich pupils are likely to make in their efforts to balance and 
complete equations, and in the chapter on equations to 
present theaubject from the pupils' point of view. 

A brief discussion of the electron theory of matter and nf 
the way i„ which compoun* are bclievito for“d ■ 

fjr T iiitroductory chapters. In the chapter on 
valence, chemical attraction between elements is explained 
tmn ^ theory_ deahng with the gain or loss of elec- 

s. For greater simplicity and for comparison older 
concepts are used m some structural formulas. Some modern 

3y! ^h^Pter on raL- 

The pnnciples of metallurgy are taught by the stiidv of a 
few typical metak The reduction of iron Cm t ores it 

methtdCsed 

or extracting tin, copper, and zinc. In like manner the 
e wMyajs of bamto fflustrates another important i^etW 
of ertractmg metallio elements. Tb. metlrJJ oTtf 
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nesium, calcium^ sodiiim, and potassium is too similar to 
need much furtlier detailed ^ study. Metal replacement is 
introduced in the chapter on hydrogen and it is then utilized 
in the further study of substitution reactions. The periodic 
table is introduced before the study of the metallic elements 
This arrangement makes it possible to study elements by 
families or groups. The atomic numbers are printed in red, 
since they are of more importance in the modern table than 
atomic weights. The chapter on colloids includes such 
practical applications as the use of foam for fighting fires, 
froth-flotation for concentrating ores, and Cottrells for pre- 
cipitating acid mist and smelter dust. 

This book contains all the material needed to meet the 
syllabi of the College Entrance Board, of the New York 
State Board of Regents, or of the various cities that have 
reAused their courses of study recently. In some schools 
differentiated work is now ghmn. in chemistry. Pupils who 
are not planning for college take a course that differs from 
the usual college course. In this book some topics and some 
chapters are starred. At the discretion of the teacher the 
starred topics may be omitted without affecting the unity 
of the course. The questions and problems are grouped into 
two classes. Those ghmn in the A Groups are not too diffi- 
cult for any pupil. The questions and problems given in the 
B Groups may be assigned as an extra group for the more 
capable pupils or for those "who work more rapidly. 

Several de\dces are used to enable the student to get an 
understanding of elementary chemistry : (1) Vocabularies are 
giA^en at the beginning of each chapter; (2) The explanations 
are unusually full, and examples are used freely; (3) The care- 
fully chosen illustrations help to clarify the text and to help 
the pupil to understand industrial processes; (4) Type prob- 
lems are used to introduce all mathematical relationships; 
(5) The chapter summaries are carefully selected to in- 
clude fundamental facts and principles; (6) Many thought- 
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provoking questions are appended to each chapter, and many 
numerical problems are included for further study. 


Newark, N. J, 
„ iff 1936. 


C. E. D. 






iiSI 


* r f < 

|lv ‘1 



ACKNOWLEDGMENTS 


Many of the friends and users of the earlier editions of this 
chemistry textbook have been kind enough to offer helpful 
suggestions toward the preparation of this text. To all those 
who have offered such constructive suggestions, the author 
wishes to express his grateful appreciation. The aid given by 
Mr. A. C. Stitt, Ann Arbor High School, Ann Arbor, Michi- 
gan and by Dr. J. 0. Frank, Wisconsin State Teachers 
College, has been particularly helpful. Professor George W. 
Sears, of the University of Nevada, kindly granted his per- 
mission to use his arrangement of the periodic table with 
atomic numbers. The author is especially indebted to some 
of his coworkers in Newark for suggestions. Among them are 
Mr. Koger B. Saylor and Mr. Walter J. Dumm, Barringer 
High School, Mr. Waldo Spear, W'est Side High School, 
Mr. J. Edwin Sinclair, Central High School, and Mr. James 
A. Bradley, Newark College of Technology. Dr. S. E. 
Powers, Teachers College, Columbia University, New York, 
and Mr. Oscar R. Foster, of the Manual Training High 
School of Brooklyn have aided with proofs and suggestions. 

Credit for the copyrighted pictures is given beneath ""the 
illustrations themselves. For permission to use the picture of 
H. G. J. Moseley, the author is pleased to acknowledge the 
courtesy of Dr. Neil E. Gordon and his publishers, The 
World Book Company. 

For other illustrations, the author finds it a pleasant duty 
to express his thanks to the following individuals and manu- 
facturing firms: Acheson Graphite Co.; American Gas 
Accumulator Co.; American Institute of Mining and Metal- 
lurgical Engineers; American Steel and Wire Co. ; American 
Cyanamid Co.; American Water Works and Electric Co.; 



IX 


X ■ ' ACKNOWLEDGMENTS 

^Ahaconda Copper Mining Co.; Berkefeld Filter Co.; Buffalo 
Foundry and Machine Co.; Carborundum Co.; Central 
Stamping Co'; Chilean Nitrate Propaganda; Colgate & Co.; 
Combustion Engineering Co. ; Department of Public Works, 
Columbus, Ohio; Cupra, Inc.; Davenport, E. S.; Demuth 
Glass Co.; Department of Works, Toronto; Diamond 
Match Co.; Domestic Electric Co.; East Orange Public 
Library; Foamite Childs Corporation; Ford Motor Co.; 
General Electric Co.; Goldschmidt Thermit Co.; Inter- 
national Cement Co.; International Oxygen Co.; Life 
Saving Devices Co.; McClure’s Magazine; National Lead 
Co.; Newark Public Library; N. J. Experiment Sta- 
tion; N. Y. Continental Jewell Filtration Co.; Norton Co.; 
Norwegian Nitrogen Products Co.; Ox-weld Acetylene Co.; 
Permutit Co.; Pyrene Manufacturing Co.; Radium Com- 
pany, Limited; Raritan Copper Works; Research Corpora- 
tion; Scientific American; Sidio Co.; Standard Oil Co.; 
The Kolynos Co.; The Marion Steam Shovel Co.; The 
Norwalk Co.; The R. U. V. Sterilizer Co.; The Warner 
Chemical Co.; Union Sulfur Co.; U. S. Bureau of Mines; 
U.S. Navy Dept.; U. S. Steel Corporation; U. S. War Dept.; 
Vermont Marble Co.; Wallace &Tiernan; and the Welsbach 
Co. 





CONTENTS 


List of Faikly Common Elements . 

CHAPTEK 

1. Mattee and Eneegy .... 

2. Elements — Mixtures — Compounds 

3. Nature op Matter and Its Changes 

4. Oxygen 

5. Hydrogen 

6. The Gas Laws 

7. Water and Hydrogen Peroxide 

8. Solution — Crystallization 

9. Purification op Water — Hardness 

10. Atomic Theory — Atomic Weights . 

11. Gas Laws — Molecular Weights . 

12. What Is Valence — How Valence Is Used , 

13. Chemical Equations and Chemical Problems 

14. Acids — Bases — Salts . . . . . 

15. The Atmosphere 

16. Ammonia and Ammonium Compounds 

17. Nitric Acid and the Oxides of Nitrogen 

18. Carbon . . a ...... 

19. Two Oxides OP Carbon . . . , . 

20. Fuels and Illuminants . . . . 

21. Theory op Solution — Ionization . . 

22. Equilibrium — End Reactions Hydrolysis . 

23. Sulfur and Sulfides . : . 

24. Oxides and Acids op Sulfur . ■ . 

25.. .The Halogen Family . ' . 

26. Periodic Law — Atomic Numbers . 

27. The Nitrogen Family ■ A 

xi 


Inside Front Cover 

PAGE 

3 
15 
26 
40 
69 
84 
99 
114 
130 
152 
165 
177 
193 
206 
223 
252 
264 
282 
297 


CONTENTS 


CHAPTEE ' PAGE 

28. The, Caebon-Silicon Gkou-p- • 456 

29. ' Colloidal Condition of Matter . ..... . '473 

30. OC.CITEEENCE^ AND EXTRACTION OP MeTALS . . . 491 

31. ' ..The A,lkali Metals . 509 

32. Alkaline Earth Group . . . . . 528 

33. The Magnesium Family . . ■ . . . . 547 

34. The Aluminum Family . ' . . . ... . 562 

35. Soils and Fertilizers . . . 577 

36. The . Iron Family ' . , . , 591 

37. . Copper — Silver — Gold . .... ... . . 624 

38. Tin and Lead ... ' . ... . ' . . 640 

39. Manganese — Chromium — Other ' Elements . . . 657 

40. Radium and Radio-Activity ; . ..... . . .. 667^ 

4.1. , Some Carbon . Compounds 678 

42.. . 0ther, Carbon .Compounds .: . . . . . 707 

Appendix. A. Useful Tables... ... . i 

Appendix, B' . .' , ,. ■ . . . , . . . ■ , . ^ vli 

Index."..',' .. ^ . '■ . " . '. ^ ■ ■ xi 

List OP Elements . . . ' ■ . ■ . ■ .. Inside Back C over 


MODERN CHEMISTRY 



Courtesy of Fisher iicientijic Co. 

When asked what he considered his greatest discovery, Sir Humphry Davy answered, Michael Faraday.” 
Here we see the illustrious Faraday at wnrk in his laboratory. 


CHAPTER 1 

MATTER AND ENERGY 


Vocabulary 

By-product. An additional product obtained in the manufacture of a 
certain product. 

Transmutation. In alchemy, the changing of one metal into another. 

Matter. Anything that occupies space. 

Energy. The capacity for doing work. 

Law. A habit of nature, or a statement that shows how natural 
phenomena are related. 

A. mXRODUCTORY 

1. Chemistry — a Fundamental Science. The science of 
chemistry furnishes a foundation for modern, industry. In 
many ways it touches the life of every human being, either 
directly or indirectly. 

1. It explains many things about which we are naturally 
curious. We observe that wood and coal will burn, if they are 
heated to a certain temperature. What causes them to burn, 
and what changes actually occur as they burn? We are all 
familiar with the fact that iron, silver, and some other metals 
tarnish, that milk sours, that foods decay, that gasoline vapor 
explodes when mixed with air and ignited, and that milk or 
water causes the formation of gas bubbles when added to 
baking powder. Without chemistry, there can be no expla- 
nation of any one of these familiar facts. 

2. Chemistry is closely related to other sciences. The miner- 
alogist and the geologist utilize chemistry in their efforts to 
identify the rocks and minerals of the earth's crust. The 
botanist finds chemistry useful in the analysis of soils and 
fertilizers as plant foods. Life itself is based upon many 
complicated chemical changes and chemical processes, and 
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in our universities ' special courses are given in bio-cliemistry. 
One of the best of the recent books is entitled Chemistry 
in Medicine/^ Physics is so closely related to chemistry that 
it is becoming increasingly difficult to study one without the 
other. For example, we use chemical action in a voltaic cell 
to produce electricity, and we use electricity to do the 
chemical work of electro-plating. We use light to bring about 
chemical changes in photography, and in. the majority of 
the chemical experiments that we shall perform in the 
laboratory, heat will be used to start the action or to carry 
it to completion. 

3, ChemMry is vital to all industry. The garage and the 
laundry are small laboratories where chemistry may be ap- 
plied. In the kitchen the cook uses practical chemistry. 
This science teaches her why soda and sour milk will make 
palatable biscuits or pancakes; it will also teach her why 
soda and sweet milk make biscuits that are yellow and 
bitter. Our agricultural colleges study the applications of 
chemistry to soils and fertilizers, and pass their knowledge 
on to the farmer. The clothing which we use to protect our 
bodies is sponged, cleaned, or even fabricated by means of 
chemistry, while the beautiful colors with which textiles are 
dyed are the fruits of long hours of patient research by the 
color chemist. (See Fig. 1.) 

The chemist is constantly discovering new and better 
methods of manufacture. He searches for contact agents” 
which by their mere presence speed up chemical processes 
and thus save time and money. He finds new uses for the 
by-products which are formed during manufacturing opera- 
tions. The chemist makes our drugs, dyes, medicines, steel, 
glass, cement, pottery, and hundreds of other useful products. 
(See Fig. 2.) 

4. Chemistry may be a ^^hobby^^ or a life work. The large 
number of chemical sets found on the market furnishes proof 
that chemistry is an interesting ‘^hobby,” The boy or girl 
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who is interested in finding out “why things happen” and 
“how changes occur” will be fascinated with chemistry. 
The student who wishes a general education will finrl in 
chemistry a subject of broad, cultural value. 

Those who make chemistry a life work find that it usually 
affords a comfortable hving. Those who delve deeply into 


Fig. 1' — A light, well- ventilated, modern laboratory. The tiled floors 
and white, enameled woodwork make such a laboratory a pleasant place 
to work. 


the subject may eventually have the satisfaction of having 
made some epoch-making discovery. 

2. Alchemy — the Forerunner of Chemistry. Alchemy 
bears much the same relationship to chemistry, the youngest 
of the sciences, that astrology does to astronomy or legend 
to history. It probably originated in Egypt, and the god 
Hermes Trismegistus is represented as being its father. Al- 
chemy was probably introduced into Europe by the Arabians. 

Geber, who is supposed to have lived in about the eighth 
century, is reputed to have been the author of several books 
pertaining to alchemy. His Summit of Perfection^' is 
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Courtesy Eastman Kodak Co. 

Fig. 2. — An industrial park, acres in extent. In this plant films are 
made by a chemical process and coated with chemicals that are sensitive 
to light. An industry largely dependent upon chemistry. 

trate iron like a spirit. Hence their belief that all metals 
were composed of mercury and sulfur. 

During the Dark Ages and the early period of the Revival 
of Learning in Europe, two different schools of alchemy arose. 
Many alchemists worked in the monasteries of Europe. 
The alchemists in one school spent their time in studying the 
properties of chemicals. Their purpose was to dupe the 
uninitiated, and they resorted to all kinds of sorcery, magic, 
and the so-called Black Arts.'^ The alchemists of the other 
school sought knowledge for legitimate use. The majority 


probably the oldest book on the subject in the world. Al- 
though it has considerable merit, so much of it is unintelligi- 
ble to moderns that Dr. Johnson tells us that the word 
^^gibberish’^ is really derived from the name Geber. 

Geber believed that mercury, sulfur, and arsenic were the 
three elemental chemicals, and that other substances were 
made up of these three chemicals in different proportions. 
The alchemists saw mercury dissolve gold, and sulfur pene- 
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and (3) the elixir of life. Gold was considered the king 
of metals. It was believed that someone would succeed 
eventually in finding a /'philosopher’s stone/ ^ and that a 
piece of lead or other base metal, when rubbed by this stone^ 
would be changed immediately to gold. They spent much 
time in searching for such a stone. One of the early kings 
saw an alchemist heat a piece of lacquered gold. When the 


Fig. 3. — a few centuries ago such laboratories were common. Con- 
trast the environment of the old alchemist with that of the workers in 
the laboratory of Fig. 1. 

lacquer buimed off, and the gold appeared, the king bought 
a formula for changing iron to gold. This is an example of 
the trickery that characterized one group of alchemists. The 
early alchemists also searched for a fluid that would dissolve 
gold. They believed that such a fluid would prove to be a 
universal solvent and that it would also be an elixir of life. 
The story was told of an old man who turned up a vial of 
yellow liquid when plowing in Sicily. When he drank the 
liquid, his youth was restored, * 
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Such beliefs seem foolish to us, but it is easy to understand 
how they influenced ignorant persons and caused them to 
believe in witchcraft, sorcery, and charms that persist even 
today. Dr. J. 0. Frank at the Wisconsin State Teachers 
College has a list of some 1800 things about which 
citizens of the United States are superstitious. From our 
study of history, we recall that Ponce de Leon, when an 
old man, came to America seeking for the “Fountain of 
Youth.” 

The other school of alchemists studied the nature of 
chemicals from a practical point of view. Figure 3 shows a 
typical laboratory used by the alchemists. They made con- 
siderable progress and learned how to prepare many chemical 
substances and to purify them. They were sincere in their 
efforts, but they failed to classify their knowledge. Such 
men as Priestley, Lavoisier, and Scheele organized the 
jumbled facts that the alchemists had learned, and the 
science of chemistry was bom at about the same time that 
the thirteen colonies declared their independence and founded 
a new nation. Chemistry as a science and the United States 
of America as a nation are of about the same age. 

B. MATTER AND ENERGY 

3. What Is Matter? All sciences deal with a study of 
matter, and chemistry is no exception. Everything with 
which we come into contact is called matter. It may be 
defined as anything that occupies space or takes up room. 
In other words, matter has volume. We detect its presence by 
the aid of one or more of the senses, as sight, smell, taste, or 
touch. 

All students are familiar with matter in the solid or liquid 
state, but some persons may question the fact that gases 
occupy space. If we try to pour water into a bottle through 
a small opening, we find it difficult or impossible unless there 
is a second opening through which the air inside the bottle 
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may escape. (See Fig. 4.) When a- tornado topples over 
buildings or blows, down trees, we are conscious that gaseous 
air is matter. Then, too, we ride on an air cushion in our 
automobile tires. 

' 4. Three States of Matter. There are three states of 
matter: solid, liquid, and gaseous. A block of wood placed 
on the table maintains its form and its 
volume. It does not need lateral sup- 
port to prevent its distortion, because 
it is Si, solid. Many solids are so rigid 
that they ' may be subjected to con- 
siderable pressure without becoming 
distorted. Solids have a definite volume 
^ and a definite shape. 

If we pour a quart of water out on 
the table, it will spread out over the 
table in all directions. When put into 
a container, it will take the same shape 
as the container, but its volume will 
still be equal to one quart. Thus we 
see that liquids have a definite volume, but they take the shape 
:Of their container. 

If we pump up a'p^i^^naatic tire, :the,air takes the shape 
of the tire. When a blow-out ■ occurs, the air expands. 
Gases expand easily, and they are .readily compressed. Gases 
have neither a definite shape nor a definite volume. In fact, 
gases change their volume so easily when the temperature 
or the pressure changes that it is necessary to have a standard 
at which gas volumes are measured. 
The ■standard temperature used for measuring gases is 
A table that shows how to compare Fahrenheit and Centi- 
grade ' thermometer scales ' is; given' in the Appendix. The 
standard pressure used for measuring gases is the pressure 
which the air exerts at sea level. It is equal to the pressure 
exerted by a column of mercury 760 mm. high, or about 30 



c,an 
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Fig. 4. ^ — Two things 
cannot occupy the same 
place at the same time. 
This is an example of 
the iaw' of impenetra- 
bility. 
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It is also equal to about 14.7 pounds per square 
If we speak of one quart of gas, we may specify that 
sures one quart when the temperature of the gas is 
and the pressure it sustains is equal to 760 mm. of 
y. The abbreviation S.T.P. is used to indicate 
rd temperature and pressure. Both liquids and gases 
led fluids, from the Latin word jluere, which means 

[easurement of Matter. Two systems of measure- 
re in common use, the English system and the Metric 
The English system is probably weU enough known 
it need not be discussed here. 

Metric system is a decimal system. It is used in all 
I countries except Great Britain and the United 


INCHES 


CENTIMETERS 


WHAT IS ENEEGY? H 

The metric unit of capacity is the liter. The same pre- 
fixes are used as in the table of lengths. A cubical box 10 

^ 1 it is equivalent to 

1000 cubic centimeters, or 1 cubic decimeter. It is sliehtlv 
smaller than the ^ 

dry quart and a 
little larger than 
the liquid quart. 

(See Fig. 6.) 

The metric unit 
of weight is the 
gram. The same 
prefixes are used as 
in the table of 
lengths. Om liter 



Fia. 6. ■ 


- Relative sizes of the dry quart, the 
liter, and the liquid quart. 


of distilled water, at 4° C., weighs 1 kilogram. Therefore 1 
cubic centimeter of water weighs 1 gram. The student will 
do well to remember the following: 

1. An ordinary nickel weighs almost exactly 5 grams. 

2. The liter equals 
1000 cx., and one c.c. of 
water weighs 1 gram. 

3. One meter equals 
39.37 inches. 

4. One kilogram equals 
a little more than 22 Ih. 
{See Fig. 7,) 

6. What Is Energy? 
In order to bring about 
any change in the condi- 
tion of matter, energy is 




Fig. 7. — The Iciiogram is more than 
twice as heavy as the pound. 


ui energy! 

needed. It also requires some form of energy to produce 
niotion in matter. In turn, changes in matter itself mai 
liberate various forms of energy. We must heat a piece o” 
wood in order to make it burn, but it gives out heat as th( 
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wood continues to bum. Energy may he defined as the capacity 

for doing work. 

7. Kinds of Energy. There are several kinds of energy: 
mechanical energy : heat energy; electrical energy ; light energy; 
and chemical energy. For doing chemical work all the above- 
named kinds of energy are used extensively. It is possible 
to convert or transform one kind of energy into a different 
form. For example, one may use the heat energy from 
burning coal to produce steam; the steam may be used in a 
steam engine to produce mechanical energy; such energy 
may be used to run a dynamo to produce electricity; the 
electrical energy from the dynamo may in turn be converted 
into heat energy, into light energy, or into mechanical energy 
as used to drive motors. 

8. Conservation of Energy. In the earth’s treasure house 
we fand stored or potential energy in coal and petroleum. In 
their formation, energy from the sun was utilized. Although 
It IS impossible to destroy energy, yet as these natural stores 
of fuel are burned, we utilize the heat energy produced, but 
we cannot supply beds of coal or lakes of oil to take their 
place. 1 he fact that energy cannot be destroyed is known 
as the Law op the Conservation op Energy. The fact that 
man cannot create energy is just as important, and it serves 
to emphasize the need for conservation of those natural re- 
sources that cannot be replaced. 

Ener^ m motion is called kinetic energy, from the Greek 
word kinem, which means “to move.” The winds, tides, 

ocean waves, and running water are common examples of 
kinetic energy. ^ 

SUMMAEY 

Ciiemistry is a cultural subject, because it answers many 

It IS ital in a 1 types of industrial operations. It may become a 
fascinating hobby for one’s recreation, or a life work that offers 
interesting possibilities. ^ 
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Alcheiny had its birthplace in Egypt. It was introduced into 
Europe by the Arabians. Two schools of alchemy arose in 
Europe: The alchemists of one school spent their time in seeking 
for knowledge for practical purposes. The alchemists of the 
other school resorted to trickery, sorcery, and the practice of 
the Black Arts.” 

Matter is an 5 d;hing that occupies space. Many different 
substances may exist in either the solid, liquid, or the gaseous 
state of matter. The state depends almost entirely upon the 
temperature. 

The Metric system is used extensively in scientific work. 
The rrmUr is the unit of length; the liter, the unit of 
capacity; and the gram, the unit of weight. The gram, the 
liter, and the cubic centimeter will be used very often in the 

laboratory. 

The student should remember that : (1) One c.c. of water 
weighs one gram; (2) the liter equals 1000 c.c.; (3) one kilo- 
gram equals a little more than 2.2 lb.; and (4) the gram is so 
small that a five-cent piece weighs about 5 grams. • 

Eli^^rgy is defined as the capacity for doing work. M echani-- 
cal, heat, light, and chemical energy may be converted from one 
form into another, but it is impossible to create or to destroy 
energy. This statement is called the Law of the Conservation 
OF Energy. The energy of the water in Lake Erie is largely 
potential, but it becomes kinetic as the w^ater flows over Niagara 
Falls. 


PROBLEMS 

1 . Find the number of grams in one pound. Find your 
weight in kilograms. 

2. Reduce your height to meters. Find the value of 10 Km 
in miles. 

3. What must be the dimensions in decimeters of a cubical 
box whose capacity is one liter? How many cubic centimeters 
are there in 22.4 liters? How many times can a 100-c.e. beaker 
be filled from a flask that holds one liter? 

4. A pneumatic trough is 30 cm. long, 2 dm. wide, and 80 mm. 
deep. What is its capacity in c.c.? In liters? 
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5* A bottle iiolds 1650 c.c. . How many liters of water does it 
hold? How many grams? How many kilograms? 

6. A test tube 6 in. long has an internal diameter of f in. 
How many c.c. does it hold? 

. Measure the length of this page in inches. Reduce this 
measurement to centimeters. 


SUPPLEMENTARY PROJECT 

Prepare a report on the life and work of one or more of the 
following: Paracelsus, Van Helmont, Francis Bacon, 

Reference: Any good encyclopedia. 


CHAPTER 2 

ELEMENTS — MIXTURES — COMPOUNDS 

Vocabulary 

'”srp45;rrwsr »' » »" ^ - 

Chemical affinity. The attraction between atoms. 

XXtionTk com”’ ‘‘‘“loose.”) The decomposition or 
separation ot a compound into its elements 

4.1 If we examine a piece of granite, we find 

that It IS made up of several different substances. It is a 
mixture of three different minerals. If we examine carefully 
a piece of copper and a crystal of sugar both appear to be 
3 ^ decompose copper have 

eZemii? 'in S "o’ ^^e chemist regards copper as an 

T 4.1. of sugar, its appearance is deceitful, 

n o er words, we cannot rely upon appearances in our 
attempts to determine which substances are elements and 
w nch are compounds. It is possible to decompose sugar 
into simpler substances. When it is charred, the carbon in 
the sugar becomes visible, and the chemist finds by analysis 
that sugar also contains hydrogen and oxygen. Sugar is a 
cmipouM. Since chemistry is the science that deals TOth 
elements and compounds and the chemical changes that 
compounds undergo, the beginner must acquire a definite 
concept of each of these three terms, namely: element, 
Mixture^ and compound. 
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10* The Element Is the. Limit of Analysis. The student 
of English may ' analyze a complex or a compound sentence 
in order to find the elements of which it is composed. In a 
similar manner, the chemist may start . with a complex sub- 
stance, or with a chemical compound, and separate or de- 
compose it into simpler substances by analysis. If he passes 
an electric current through water containing a little acid, he 
finds that the water is decomposed into two gases, hydrogen 
and oxygen. We call hydrogen and oxygen elements, becaim 
all attempts to split them up into simpler substa nces have resulted 
in failure. The element is considered as the limit of chemical 
analysis. 

About the beginning of the twentieth century, chemists 
learned that some of the so-called elements do explode 
spontaneously. But since no chemist can bring about such 
a disintegration of the element by any chemical action, or 
check it when it has started, the element is considered in all 
analytical work as the chemist unit. 

It is quite impossible to prove that any given substance is 
an element. We know that no one has yet succeeded in de- 
composing iron, oxygen, copper, or gold into anything 
simpler, but we cannot prove that someone may not succeed 
in doing so in the future by some as yet untried method. It 
is considered doubtful, but not impossible. The early Greeks 
considered fire, earth, air, and water as elements. Research 
work has proved that they were wrong in all cases. Air and 
earth are mixtures of several different substances, and water 
is a compound. It was considered an element, however, until 
1766 when Henry Cavendish recognized hydrogen as an 
element and found that it would combine or unite with 
oxygen to form water. Thus the chemist finds that he can 
make oxygen and hydrogen combine to form water, or he 
can decompose water and produce hydrogen and oxygen* 
Hydrogen, from the Greek words hudor, ^ ' water, and genes^ 
“producing,’^ was named by the French chemist Lavoisier. 
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11. The, Number of Elements. At the present ■ time 
iimety-two substances are known that chemists have good 
reason to consider elements. New elements have been dis- 
covered from time to time, but there are good reasons for 
believing that no more elements will be discovered. Careful 
study has led chemists to believe that there are only ninety- 
two elements of which the earth^s crust is composed. Only 
about thirty elements are well known. The names of such 
elements as dysprosium and ytterbium, for example, are not 
familiar even to well-educated persons. Lanthanum is not 
a household word. The student should compare the list of 
fairly common elements printed on the inside of the front 
cover with the complete list of elements given on the inside 
of the back cover of this book. 

12. Abundance and Distribution of Elements. Several 
elements are present in the air, but nitrogen and oxygen 
comprise about 99% of it. We have learned that water is 
composed of hydrogen and oxygen. F. W. Clarke, of the 
United States Geological Survey, has estimated the abun- 
dance of eight elements found in air and water and in the 
earth^s crust (near the surface only) as follows : 


Oxygen : . . . . 49.9% Calcium 3.4% 

Silicon 26.0 Sodium 2.3 

Aluminum. ... 7.9 Potassium .... 2.3 

Iron . . . . . . 4.4 Magnesium. . . . 2.1 


Thus we see that oxygen comprises nearly one-half of the 
earth as we know it, and silicon, which is found in sand and 
clay, comprises more than one-fourth. We must consider 
the above figures as an estimate only, and keep in mind that 
nothing is known of the composition of the earth^s crust be- 
low the depth of a few miles. 

13. How Do Metals Differ from Non-metals? Some ele- 
ments have a luster like steel or silver. They reflect light 
readily. They conduct heat and electricity remarkably well. 
Some of them can be drawn into wire or hammered into 
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sheets. Elements that have- such properties are called 
Copper, iron, zinc, tin, lead, mercury, silver, and gold are 
examples of metallic elements. To the chemist, metals are 
known as fcaac-formers, because many of them unite with 
oxygen and hydrogen to form compounds that are called 
hmes. Some bases have the properties of an alkali, quite the 
opposite to the properties of an acid. 

Sulfur is a typical non-metal. It. is a poor conductor of 
heat and electricity. It has a vitreous or glassy luster. It 
is an acid-forming element. Other non-metals that are solid 
at room temperature include carbon, iodine, and phosphorus. 
Such gaseous elements as oxygen, nitrogen, and chlorine are 
also non-metals. 

14. How Are Elements Named? Some elements are 
named from the country in which they were discovered, some 
from the source of the element, and others from some 
peculiar property of the element. For example, scandium 
was found in Scandinavia. Aluminum was at one time ob- 
tained from alum. Chlorine is named from the Greek word 
chloros because it has a greenish yellow color, and bromine 
comes from the Greek word bromos which means stench.'^ 
Illinium was discovered by Dr. Hopkins of the University 
of Illinois (Fig. 8). Dr. Allison of the University of Alabama 
discovered aldba^nine and virginium. 

The more recently discovered metallic elements take a 
Latinized ending ^^um^' or “ium.^' Sodium, calcium, vir- 
ginium, radium, and aluminum are examples. The only 
non-metal that has the ending ^4um” is helium. It was dis- 
covered in the sun and believed to be a metal. When found 
later in our atmosphere, it proved to be a non-metal. The 
element takes its name from the Greek word helios which 
means “sun.” The metals which were known to the ancients 
have no distinctive endings. Iron, tin, lead, copper, silver, 
mercury, and gold are examples. 

' A list of non-metals includes nitrogen, oxygen, carbon, 



^ Photo by Underwood and Underwood 

Fia. 8. — Dr. B. S. Hopkins, of the Uni- 
versity of Illinois, is the first American 
who ever discovered an element. He 
named the element illinium. 
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chlorine, iodine, and alabamine. 


names of most non-metals is “ on. 


The ending given to the 
MXi, or “ine/^ 

15. What Is Meant by a Symbol? The alchemists used 
symbols to represent elements and compounds. Some of 
them were based upon 
astronomical symbols ; 
some had their origin in 
mythology; and others 
were mystical. They 
varied from time to time 
and many different sym- 
bols for the same element 
were used in one manu- 
script. (See Fig. 8a,) 

Berzelius, a Swedish 
chemist, was the first to 
use letter abbreviations 
for the elements. He 
found it easier than draw- 
ing figures, and it is cer- 
tainly much simpler. He 
decided to use the first 
letter of the element as 
its symbol. For example, 
the letter 0 represents 
oxygen and the letter H represents hydrogen. 

Since there are ninety-two elements and only twenty-six 
letters, several elements begin wdth the same letter, Berze- 
lius suggested using the second letter of the element with the 
first in such cases, or using some other letter whose sound is 
conspicuous when the name is pronounced. For example, 
the symbol for carbon is C; for calcium, Ca; for chlorine, 
Cl; for chromium, Cr; and for cobalt, Co. The first letter 
of a symbol is always a capital, but the second letter of a 
symbol is never capitalized. 
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In several cases, the symbol is derived from the Latin 
name of the element. For example, the symbol for iron is 
Fe, which comes from the Latin word fenum. Pb from the 
Latin word plumbum is the symbol for lead; the symbol Ag, 

which represents silver, 
comes from the Latin word 
argentum; and Na from the 
Latin word natrium is the 
symbol for sodium. The 
table inside the front cover 
gives the names and symbols 
of several elements. 

But a symbol in chemistry 
is more than an abbreviation. 
When we use the symbol O 
to represent oxj'gen, it means 
Fig. 8a. — Symbols used by alchemists. ai07n of Oxygen. The 

atom is the chemist's unit. 
It is the smallest particle of an element that can enter into 
combination with other elements. Just as a mason uses 
different kinds of bricks to build houses, so the chemist uses 
different kinds of atoms to build chemical compounds. A 
mason may cut a brick into two or more parts, however, but 
the chemist cannot break an atom into parts. To' the 
chemist, then, the symbol 0 means one atom of oxygen, in- 
divisible and of definite weight. The symbol H represcmts 
one atom of hydrogen. 

16. How Mixtures Differ from Compounds. When mat- 
ter is made up of two or more elements, they may be mechan- 
ically mixed, or they may be chemically combined. (See 
Fig. 9.) It is very important for the beginner to understand 
the difference between a mixture and a compound. Suppo.se 
we perform the following experiment; To some iron filings 
on a piece of paper let us add some powdered sulfur. When 
we stir them together, there is no apparent action. No light 
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!s given off, no heat is liberated, and there is no evidence that 
electricity IS produced. The two elements may be mixed 
m any proportion, equal parts, two to one, or one to one 
lundred. Next we may pass a magnet over the mixture. 
1 he iron fihngs will 


cling to the magnet, 
but the sulfur is not 
attracted. We may 
dissolve the iron 
filings in hydros 
chloric acid, but the 
sulfur will not dissolve. 


Coyyev vfvPC 






ivvy eXercvewt K.TfvVx\we K coxn’yo\lTvd\^ 

Fig. 9. — Mixtures and compounds are 
elements. In compounds the 
elements are united chemically. 

. ■ 1 j may consider this behavior as 

typical 01 the properties of a mixture. 

Next let us put this mixture into a test tube and heat it 
until the contents begin to glow. Even after we remove the 
tube from the flame, the action continues, and the whole 
becomes red hot. Both heat and light were produced 
during the chemical action that caused the sulfur to unite 
chemically with the iron and form a compound. Attraction be- 
tween atoms that causes them to combine and form com- 
poMnda in this manner is called chemical affinity. It is typical 
of the formation of some other compounds. 

Let us break the tube and examine the product. It does 
not resemble either the iron or the sulfur. The iron cannot 
be removed by a magnet. The sulfur cannot be picked out 
mechanically. If we took the product to a chemist to be 
analyzed, he would find that it is made up of 7 parts by 
weight of iron to 4 parts by weight of sulfur. A compound 

a. ways made up of the same elements in a definite 
composition by weight. If we had started with a different 

n of either element would have been 

left uncombined. Eight parts of iron unite with 4 parts of 

^ wasted. The several differ- 
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Compound 

A compound always has a 
definite composition by weight 
In the preparation of a com- 
pound^ some evidence of chemr 
ical action is apparent. Heat 
or light may be emitted or ab- 
sorbed, an electric current may 
be produced, or a gas liberated. 

The constituents of a com- 
pound can be isolated by chemi- 
cal means only. 

Air is a mixture; its composition varies somewhat in 
different localities. Hash is a mixture; one can identify or 
pick out the particles of meat or potato. Other examples of 
mixtures are baking powder, granite, salads, and the different 
kinds of soils. It is possible to have a mixture consist of two 
or more elements, of two or more compounds, or of elements 
and compounds. 

Some of our dictionaries contain almost a half million 
words, all formed from 26 letters. Imagine the number of 
possible compounds that could be formed from 92 elements. 
But just as some letters do not combine to form words, 
so some elements do not combine with others to form com- 
pounds. There are enough such combinations, however, to 
form several hundred thousand compounds. Water, table salt, 
sugar, marble, alcohol, baking soda, glycerine, nitric acid, 
and sulfuric acid are examples of compounds used by chernists- 

17. Law of Definite Proportions. We know^ that the in- 
gredients in a mixture may be in any proportion, but that 
the constituents of a compound are always present in a 
, definite ratio. This characteristic nature of compounds was 
' . observed by an English schoolmaster, John Dalton, who 
formulated the Law of Definite Pkoportions: Every 
compound has a definite composition by weight. (See Fig. 10.) 
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, Mixture 

In a mixture the constituents 
may be in any proportion. 

In preparing a mixture, there 
is no evidence of any chemical 
action, such as the evolution of 
heat, light, or electricity. No 
gas is set free. 

A mixture may often he sepa- 
rated by mechanical means. 
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Symbols are used to represent elements. To the chemist 
the symbol stands for one atom of the element. 

A material made up of two or more elements is either a 
mixture or a compound. If the elements are chemically com- 
bined and their proportion is definite, the substance is a coni- 
found. Ill a mixture the ingredients may be present in any 
proportion. 

The Law of Definite Proportions was formulated by John 
Dalton. It may be stated as follows: Every compound has a 
definite composition by weight. 


QUESTIONS 

1. Name five elemenls; six compounds; four mixtures: 

2. Name the six most abundant elements. 

3. If you were given a mixture of sand and sugar, how could 
you separate them? 

4. How could you separate the iron from a mixture of iron 
filings and sulfur? 

6. Is it possible to separate the iron from the sulfur in the 
compound iron sulfide? If so, how? (Class discussion.) 

6. State some of the characteristic properties of (a) gasoline, 
(5) alcohol, (c) gold, (d) copper, (c) silver. 

7. How would you distinguish between alcohol and gasoline? 
How would you tell gold from copper? Salt from sugar? 

8. Why has the concept of the element changed frona time 
to time? 

5. Read over the list of elements and symbols printed on the 
inside of the front cover. Close the book and write from memory 
the names of ten elements with their symbols. 

10. Is it correct to “say that the physical properties of a, 
substance depend upon its behavior when alone, and its chemL 
cal properties upon its behavior or conduct with other substances? 


CHAPTER 3 


NATURE OF MATTER AND ITS CHANGES 

Vocabulary 

Precipitate. A substance, usually a solid, separated from a solution 
as a result of some physical or chemical cha,n^e. 

Molecule. The smallest particle of matter that can exist and retain 
the properties of the mass. 

Electron, llie smallest particle of matter. A negatively charged 
particle of matter. 

Synthesis. Putting together elements to form a compound. 

Substitution. Replacing one element in a compound by means of 
anul her element. 

Metathesis. An interchange of the elements in two dilferent coni- 
pounds. 

Exothermic. Liberating heat as the reaction occurs. 

Endothermic. Absorbing heat as the reaction occurs. 

Electrolysis. Decomposition of a compound ])y means of an electric 
(mrrent. 

■t 

A. NATURE OF MATTER 

20. Nature of Matter. If we open a gas jet, the odor of 
gas may shortly be detected in the room. No particles of gas 
can be seen in the air, even with the best microscope, yet our 
olfactory nerves tell us that they have been stimulated in 
some manner. When salt has been dissolved in w'ater, no 
microscope is powerful enough to detect its presence, but our 
sense of taste tolls us that the solution contains salt. Many 
similar experiments may be performed, and ail of them serve 
to convince us that all matter is made up of exceedingly small 
particles, (sailed molecules. They arc so small that it would 
’ probably take one million molecules laid side by side to make 
a line oiu' millimeter long. The best estimates show that a 
liter (approximately one quart) of gas at standard tempera- 
¥ 26 
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ture and pressure contains about 27 X 10-^ molecules. If 
the student writes the' figure 27 with 21 ciphers following itj, 
he may have a better concept of the extremely minute size 
of the molecule. An average adult, by deep breathing, can 
inhale about four times that number of molecules at a single 
inhalation. ■ It is estimated that if a drop' of water were 
magnified until it became as large as the earth, its molecules, 
if magnified correspondingly, would be about the size of 
baseballs. 

From the preceding paragraph, one would infer that the 
molecules of gases must be closely crowded. Relatively, 
they are not even near neighbors. W^hen we pump up an 
automobile tire to a pressure of sixty pounds per sq. in., we 
are merely crowding more than four times as many molecules 
of air into the tire. This proves that the space between 
adjacent molecules of gases is much 
greater than the space occupied by 
the molecules themselves. The mole- 
cide is the physicisfs unit. 

Small as the molecules are, they 
are believed to be made up of still 
smaller particles called atoms. The 
atom is the chemist's unit from which 
he builds compounds. It is indivisible 
by either physical or chemical means. 

21. What Is the Kinetic Theory of Matter? Several facts 
show quite conclusively that the molecules of matter are 
always in motion. The fact that liquids evaporate ivS one 
evidence of such motion. (See Fig. 11.) The decided odor 
of camphor, musk, and naphthalene (moth balls) is proof 
that the molecules of solids are in motion. Gas rushes out 
of a stop“Cock when it is opened, and both gases and liquids 
intermingle through a porous membrane. The kinetic 
{kinein^ “to move^O theory assumes that the molecules of 
matter are in constant motion. 


:if\ rr. 
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Fig. 11. — During evapo- 
ration molecules escape afc 
the surface of the liquid. 
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When water is heated, it evaporates faster. , An increase 
in temperature increases the rate at which the molecules mom. 
The melting of solids when they are. heated is further, proof 
of the increase in the rate of molecular motion with an: in- 
crease of temperature. 

:22* What Is the Electron- Theory? We have learned that 
the atom is indivisible by chemical means. There is 
considerable evidence, however, that some atoms explode 


^Or?comm^Biecfrans\n 
when charged 


heipst^ 
pui! Elect rom to 
the Plate 




Fig. 12. — The positively charged plate attracts the negatively charged 
electrons. When the grid is negatively charged, it repels the electrons. 

spontaneously. The electron theory assumes that the atoms 
of ail matter consist of both positive and negative electricity. 
Each atom has a nucleus of positively charged particles called 
protmis. While there are some negatively charged particles, 
or electrons^ in the nucleus^ yet it always has an excess of 
protons. Figure 12 shows how electrons travel across an 
audion tube. 

According to the theory proposed by Lewis and Langmuir, 
the electrons surrounding the nucleus are arranged in con- 
centric shells. Figure 13 shows the configurations of some 
of the lighter atoms. The electrons are assumed to occupy 
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positions at the comers of an imaginary cube, in the center 
of which there is the positively charged nucleus. 

The theory proposed by Dr. Bohr pictures the electrons as 
surrounding the nucleus, but revolving around it in a manner 
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Fig. 13. — • The concept of the atoms of lithium, carbon, oxygen, and 
neon as shown by the Lewis-Langmuir theory. 

similar to the revolution of the planets around the sun. 
Hence the electrons outside the nucleus are called 'planetary 
electrons. The hydrogen atom has only one planetary elec- 
tron, but some of the heavy atoms may have many more, 
the heaviest atom having ninety-two. In the normal un- 
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Fig. 14. — The sodium atom as 
represented by the Bohr theory. 
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Fig. 15. — The cEorine 
atom. 


combined atom, the sum of the negative charges on the 
planetary or external electrons exactly equals the charge on 
the positive nucleus. Such an atom is neutral; it shows no 
signs of electrification. 

The sodium atom of Fig. 14 has a single electron in the 
outer ring. It may lose this electron and acquire a positive 
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charge of electricity. The sym,bol for the sodium atom is Na ; 
when , it loses its outer electron, it acquires a plus charge 
(Na"^), Figure 15 represents a chlorine atom which has seven 
electrons in its outer ring. To complete a ring of eight 
electrons, it may borrow one electron 'from the sodium atom. 
Then it acquires a negative charge, and we may represent 
the symbol Cl for chlorine as Cl". But the student of physics 
knows that two particles that carry opposite charges of 
electricity dUfUct one another. Hence the positively charged 
sodium atom (NaA) unites with the negatively charged 
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Fig. 16 . — The positively charged sodium atom unites chemically 
with the negatively charged chlorine atom. 

chloline atom (Cl ) to form a molecule of sodium chloride, 
NaCI, or common table salt. (See Fig. 16.) What is called 
chemical affinity, or the attraction between atoms, is probably 
due to the attraction between atoms charged with electricity 
of opposite sign. 

23. Formulas of Compounds. In the preceding section, 

, we learned that one sodium and one chlorine atom combine 
to form a molecule of sodium chloride. A formula is used 
by chemists to show of what elements a compound is com- 
posed. The fonnula for sodium chloride is NaCI. It repre- 
sents one molecule of sodium chloride, and shows that the 
molecule is made up of one atom of sodium and one atom of 
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chlorine. In a similar manner, the expression 2NaGl repre- 
sents two molecules of sodium chloride, each containing one 
atom of sodium and one atom of chlorine. The formula for 
water is H 2 O. It represents one molecule of water, and shows 
that it contains iSwo atoms of hydrogen and one atom of oxygen. 
A small subscript figure written after a symbol shows the 
number of atoms of the element represented by that sjmibol 
there are in one molecule of the substance. The formula 
H-two 0. The formula for sulfuric acid is 
H 2 k, 04 ; it is read as follows: H-two SO-four. Each molecule 
of the compound sulfuric acid contains two atoms of hydro- 
gen, one atom of sulfur, and four atoms of oxygen. 

B. CHANGES IN MATTER 

24. Physical and Chemical Changes. Ice melts, water 
changes to steam, liquids freeze, glass breaks, and sugar 
dissolves in water. We may magnetize a piece of steel or we 
may pass a current tlirough a copper wire. In aU these cases 
the matter undergoes some change. Its form may be differ- 
ent 01 it may change its state, but in no case has the substance 
lost its identity. Its molecuh, the physicist’s unit, has not 
been broken up. The change in all these cases is physical. 
Physics is defined as the science that deals with physical changes 
in matter. A change in matter that does not change the charac- 
teristic properties of a substance, or destroy its identity, is a 
physical change. 

Wood burns, iron rusts, milk sours, plants decay, and acids 
interact with metals. In each of these cases, the identity of 
the original substance or substances is lost, and new sub- 
stances with new properties are produced. These changes are 
chemical. In some cases the original molecule is torn down 
and simpler molecules are formed. In other cases, two 
elements unite to form a compound. It often happens, too, 
that atoms rearrange themselves in the molecule, thus 
foiming a new substance with decidedly different properties. 
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Chemistry is defined as the science that deals with chemical 
changes; it also includes a study of elements and compounds, 

25. 'How Can One Bring About a Chemical Change? The 
chemist has at his disposal several agents that can be used 
to start a chemical change or to accelerate it. The following 
are most commonly used: • — 

a. Heat If we apply a lighted match to a piece of paper, 
the paper begins to burn. The heat from the burning match 
starts the chemical change. We kindle the match head by 
rubbing it over a rough surface to warm it by friction. All 
are familiar with the chemical changes caused by heat dur- 
ing the baking of bread or the cooking of other foods. Gen- 
erally, increasing the temperature accelerates such a chemical 
change. For that reason, a food placed in boiling water at 
100° C. will cook in half the time that it does in a fireless 
cooker at 90° C. An increase in temperature of 10° C. re- 
duces the time needed for a chemical reaction to about one 
half. 

b. Light. If we open the shutter of our camera for only 
a fraction of a second, the light enters and starts a chemical 
change in the film or plate. The colors of some rugs, dra- 
peries, and clothing change or fade in sunlight. Some chemi- 
cals are kept in dark-colored bottles to prevent the action of 
light upon them. The green leaves of plants are capable of 
making starch out of the raw materials obtained from the air 
and the soil, provided they are exposed to sunlight. If a 
plant is kept in the dark, its green color disappears; it can 
no longer make starch. 

c. Electricity. If one passes a current of electricity through 
water that contains a little acid in solution, hydrogen is 
liberated at one of the electrodes and oxygen at the other. 
Many compounds, if melted or if dissolved in water, can be 
decomposed into their elements by passing an electric current 
through the molten mass, or through the water solution. 
Electricity is used commercially to produce chemical changes 
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in the refining of metals, in electroplating, in electrotyping, 
or in charging storage batteries. . 

d. Solution in water. Baking powder is a mixture of com- 
pounds. No action between them occurs as long as the 
powder is kept dry, but chemical action begins at once when 
water is added. Many chemicals that do not react in the 
dry state begin to interact when dissolved in water. 

26. What Are Some Evidences of Chemical Action? It is 
an interesting fact that some of the forms of energy that 
cause chemical changes are also evident during the change. 
For example, external heat is needed to start the burning of 
coal, but heat is set free continuously as the coal burns. A 
chemical reaction that liberates heat energy as it proceeds is said 
to be exothermic. 

In the burning of coal, light energy is also set free. Hence 
we assume that the evolution of heat energy and light energy 
is eAudence of chemical action. When water is added to bak- 
ing powder, a gas is set free. This is evidence of chemical 
action. The mechanical energy produced when dynamite or 
nitroglycerine explode, as well as the heat and light liberated, 
is also evidence of chemical action. In a voltaic cell, the 
negative plate is acted upon chemically, and the chemical 
energy is transformed into electrical energy. 

In some cases, however, heat is absorbed all the time that 
the chemical action is taking place. In making calcium 
carbide, the raw materials are heated in the electric furnace 
during the entire period of its manufacture. A reaction 
that absorbs heat as it progresses is said to he endothermic, 

27. Types of Chemical Change. We have already learned 
that the chemist cannot split up atoms, but he may combine 
them, decompose compounds into atoms, substitute one atom 
for another in a compound, or interchange atoms between 
two compounds. 

1. Composition j or synthesis. When we heated iron filings 
and sulfur, one iron atom combined with a sulfur atom to 
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form a molecule of iron' sulfide. The chemist uses symbols 
and formulas to represent such chemical action In either word 
equations Of formula eqiiatio7is. For example j 

: Fe + S ■ .FeS. 

iron 4- sulfur — » iron sulfide 


/lyaroffen 
is iiberafed 
at the 
cathode 


In such an equation, the sign plus is read “and,” and 
the arrow is read “yields,” “gives,” “produces,” or “forms.” 
Such a reaction is typical of many that are met with in 
elementary chemistry. In Section 10, we learned that hy- 
drogen and oxygen would combine to form water. The 
equation follows: 

2H2 + O2 2H2O. 

hydrogen + oxygen hydrogen oxide (water) 

2. Decomposition j or analysis. In the apparatus shown in 
Fig. 17 let us put some water containing a few drops of 

sulfuric acid. The acid 

Oxygen /fydroffen make the 

water a conductor of 
electricity. When an 
electric current is passed 
through the solution, 
electrolysis occurs, and 

the water is decomposed 
into hydrogen and oxy- 
gen. The hydrogen col- 
lects at the 'mlMdeym, 
negative^ terminal, and 
the oxygen collects at 
the anode j ■ . or : • ' ■positive ■■ 
terminal.,. These’ termi-,^' 
■' nals are 'called,:; eleeirodesk 
It is also of interest to 
observe that the volume of hydrogen set free is just double 
the volume of oxygen. The equation follows: 


Fig. 17. — As the water is decomposed 
two volumes of hydrogen are set free at 
the cathode for every volume of oxygen 
liberated at the anode. 





2H20-^ 2H2 + O 2 . 

water —> hydrogen + oxygen 

Later it will be proved that the molecule of a gaseous 
element, such as hydrogen or oxygen, contains two atoms. 
The student will observe that the equation just studied is 
exactly the reverse of the one given in the preceding para- 


graph. To show that such an equation is reversible, we use 
a double arrow as follows: 

2H20?:± 2H2 + O2. 

water hydrogen + oxygen 

Such an equation does not tell us, however, that we use the 
electric current to drive the chemical reaction to the right, 
and that a. temperature of about 800° C. is needed to cause 
hydrogen and oxygen to unite to form water. 

3. Subsiitution, Let us suspend a strip of zinc in a dilute 
solution of sugar of lead, or lead acetate, and let the ap- 
paratus stand for a half hour. (See Fig. 18.) We find that 
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Fig. 18. — The zinc strip goes 
into solution, displacing the lead 
which is deposited in the form of 
crystals. 


Fig. 19. — The zinc goes into 
solution, displacing the tin. 
(Substitution.) Note the tin 
crystals. 




s-m 9 n to the bottom. (See 

i^iG. 20. -- White Sliver chloride is on N A x. • i 

being precipitated. A CilGIIlical 

analysis of the clear 
solution would show the presence of sodium nitrate. The 
equation, 
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some of the zinc dissolves and that crystals of lead are 
deposited on the zinc strip. The equation follows: 

Zn + PbCCsHsOa)^ Zn(C2Hs02)2 + Pb. 


zinc + lead acetate — > zinc acetate 4* lead 


We see from the equation that an atom of zinc has sub- 
stituted itself for an atom of lead. A chemical reaction in 
which one element takes the place of another^ or is substituted 
for another y is known as substitution. Figure 19 represents a zinc 
rod that has been suspended in a solution of tin chloride. The 
equation, + SnCh ZnCh + Sn 
zinc -f" tin chloride — » zinc chloride + tin, 


shows that zinc substitutes itself for the tin. To use a homely 
comparison, we may liken the zinc to the boy who goes to a 

dance without a partner 


and then ^^cuts in’' on 
the partner of another 
boy. Zinc is a more 
active metal than either 
tin or lead. 

4. Double substitu- 
tion, or metathesis;^ To 
a solution of common 
table salt (sodium chlo- 
ride) let us add a solu- 
tion of silver nitrate. 
A white precipitate of 
solid silver chloride is 
formed and the precipi- 
tate {thrown down) sinks 
to the bottom. (See 
Fig. 20.) A chemical 
analysis of the clear 
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NaGl + AgNOs AgCU + NaNTOa 

sodiuilx^^-^^ , . silver , sodium 

chloride chloride nitrate, 

shows that the sodium atom has changed partners with the 
silver atom. Such double substitution, or change of partner s^ 
is called metathesis. It is sometimes called double' decomposi- 
tion, on the assumption that both compounds decompose 
and then an exchange of partners occurs. A downward 
pointing arrow shows that the compound beside which it is 
placed is precipitated (thrown out of the solution as a solid). 

The great majority of chemical. changes are included under 
the following classes: composition, or synthesis; decomposi-^ 
tion, OT analysis; substitution; double substitution, or double 
decomposition, 

SUMMARY 

Matter is made up of molecules^ extremely small particles 
which cannot be seen by the best microscopes. In gases, such 
molecules are not closely crowded, but the intervening spaces 
are larger than the spaces occupied by the molecules themselyes. 

The molecules are composed of atoms, which are indivisible 
by chemical means. The atom is the chemist^s unit. 

Each atom consists of proton s and electrons. The former is a 
positively charged particle just equal in weight to the weight 
of the lightest atom, that of hydrogen. The electron is a nega- 
tively charged particle, about as heavy as the hydrogen 

'atom. . .. 

According to modern theory, the nucleus has an excess of 
protons, with from 1 to 92 electrons revolving around it in much 
the same manner that the planets revolve around the sun. The 
lightest atom has a single electron, and the heaviest atom 1ms 
ninety-two. 

Formulas are used by the chemist to represent the composi- 
tion of the molecule of a substance. The formula shows what 
atoms are present and the number of each per molecule. 

Changes in matter are physical or chemical; in a physical 
change the characteristic properties of the substance are not 
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is foried. ^ substance with new properties 

Heat light, electricity, and solution in water aid in producino- 

chemical changes. The various' forms of energy — heat lio-ht’ 

% ^'hen heat is liberated during a chemical change the reaction 
is said to be exotkermie; when heat is absorbed as the reaction 
takes place, we have an endothermic reaction. 

Four types of reactions are common in chemistry: Composi- 

•V c ’,r of two or more elements to form 

. compound, decomposition, or analysis, is the breaking down 
of a, compound into its elements. Substitution is a chemiS 
hange m which one element takes the place of another In 

two compounds decompose/and their elements inter 
change to form two new compounds. ucnts inter- 

QUESTIONS 

<oL‘oZ7:j‘r ’ “ ““ •“ i«, 

. ^ J. Mdte * fa of 1.0 m.ny o,„,eo of ch.mio.l ei.nge „ 

®v. evidences in support u,e Hpetic tbeocy 

doi i™X L'theS'"" I- 

chetis™? *" Phynic end- ' ' 

chemiSf - Pl.y»ifa o. 


(a) 

(h) 

(c) 

id) 

ie) 
(f) 


The burning of wood.' 

The fermentation of sugar. 
The decay of food.' 

The tarnishing of brass. 
The evaporation of alcohol. 
The freezing of water. 


(g) The souring of milk. 

(h) The weaving of cotton c.loth. 

W The melting of . lard. 

O) The rusting of iron. 

/f? explosion of dynamite. 
(0 The stretching of a rubber 
band. 
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7. Which of the chemical changes listed in the preceding 

question are exothermic? ^ 

8. Which tells a chemist more of what actually happens a 

word equation or a formula equation? Explain. 

9. The recipes in the older cook books directed one to mix 
the milk and baking powder, or the sour milk and soda, and then 
silt in the flour and other dry ingredients. The newer books 
direct one to mix all the dry ingredients, including the baking 
powder or the soda, and then add the liquid. Is there a good 
reason tor the latter practice? If so, e.xplain. 


CHAPTER 4 

OXYGEN 


Vocabtilary 

Pneumatic. Pertaining to gases. 

Catalyst A substance used to accelerate a chemical reaction. 

Oxidation. A process in which oxygen unites with another substance. 

Combustion. Rapid oxidation in 'which light and noticeable heat 
are produced. 

Oxide. A binary compound containing oxygen and one other 
element. 

Binary, A compound that is composed of two elements only. 

Explosion. Almost instantaneous combustion throughout the entire 
mass. 

Allotrope (alios ^ other ” ; tropos, “ turn or “ direction Any one 
of the two or more forms in which an element may exist. 

Spontaneous. As applied to combustion, starting from its own slow 
oxidation, without the application of external heat. 

Volatile. Easily changed from a liquid to a gas or vapor. 

28. Where Oxygen Is Found. We live at the bottom of 
an ocean of air. More than 20% of the air is oxygen. The 
water area of the earth is about three times as big as the land 
area. Water contains about 88% of oxygen by weight. 
Oxygen is present in all plant and animal bodies. Clay, sand, 
and limestone all contain"an abundant supply of this element. 
No element is so abundant as oxygen, and no element is more 
important. 

29. How Oxygen Is Prepared. As a rule there are several 
ways of preparing elements or compounds. In the laboratory 
we select one that is convenient, or one that best illustrates 
some principle. In commercial work, the chemist must be 
guided by the cost of raw materials, the expense of plant 
equipment, and the value of the by-products that are ob- 
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tamed. Commoa sense would lead us to choose in this case 
either air^ water^ or some inexpensive compound that con- 
tains much oxygen — a compound which it is not difficult to 
decompose. Several methods are given here: 

1. Heating mercuric oxide. (Historical.) Joseph Priestley^ 
a contemporary of George Washington, was an English 
clergyman and scientist. (See rrm 


Fig. 21.) His religious views 
and his writings led him into 
much controversy, and he 
migrated to America in 1794 
and settled at Northumber- 
land, Pennsylvania. He had 
an inquiring mind, and he 
was constantly experiment- 
ing, especially with gases, 
which he called “airs.” 
Priestley discovered am- 
monia, nitrous oxide, and 
nitric oxide, and invented the 
pneumatic trough and 
methods of collecting gases 
by the displacement of mer- 
cury. But his greatest dis- 


chloride 


vater, and for that reason it 
he method known as water 


G&s hot fie 


I? e ft very 
\ tube 


Priestley was a stancia siippoftcx . 
the phlogiston theory of combustion. 



covery came in 1774, when by He beUeved the gas hydrogen to he 
« 1 1 « t phlogiston. 

means of a lens he focused 

the sun’s rays upon a red powder known to chemists as 
mercuric oxide (HgO). This compound contains mercury 
and oxygen. When it is heated strongly, the oxygen is driven 
off as a gas, and the metal mercury remains. In the equation, 


2HgO 

mercuric oxide (heated) • 


> 2Hg + O 2 1 , 

mercury + oxygen 


the upward pointing arrow indicates that a gas is produced. 
This method of preparing oxygen is too expensive to be of 
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any practical value. It is of historic interest only. Priestley 
did not call the gas which he discovered oxygen, but he 
described it as ^^perfect air^^ or ^^ver3r active He said 
same ■ properties ■ as air, but in ' ^^greater 
perfection/' He was delighted to find that a candle burned 

^ ....^ ^ : in this gas with great 

' " ii. brilliancy and that a live 

Voca-v mouse contmued to, live 

Pneumatic. Pertaining to gase in the gas indefinitely. 

Catalyst. A substance used to He tells us that he in- 

Oxidation. AprocessinwMchc ii^led some of the gas 

are produced. and that his breast felt 

Oxide. A binary compound ^ peculiarly free and light 

Bi^S^A compound that is cc . ; ^ome tip. This gas 

Explosion. Almost instantaneo ' is named oxygen (acid 

‘ mass. ,1- producer) by the French 

l: Allotrope (aiK “other”; iropo, ; „ • Lavoisier, who 

U of the two or more forms m w ; ^ 

Spontaneous. As applied to believed it to be present 

oxidation, without the appii(|& in all acids. We know 
Volatile. Easily changed frorri I 

fill wrong, since 

£!« some acids do not con- 

28. Where Oxygen Is FoM tain oxygen, 
an ocean of air. More than^^SSM ^ , Wilholrvi 
no. 22. - Carl Wahelm Scheele (1742- V 

S6). An eminent Swedish chemist, Scheele ^ J^wecilSn ChemiSt, WOrk- 
discovered oxygen, chlorine, baryta, tar- ing indeoendpTltlv of 
tanc acid, and an arsenite of copper which -n • xt i- ^ 

is known as Scheele'a green. Jrriestiey, discovered Oxy- 

gen the same year. His 
results were not published for five years, and Priestley 
had by that time been acknowledged the discoverer, but 
doubtless Scheele should be given equal credit. (See Fig. 22.) 
Very often it is difficult to give anyone full credit for a dis- 
covery or invention, because so many discoveries have been 
made by different men working independently. 

2. Heating a mixture of manganese dioxide and potassium 
chlorate. (Usual laboratory method.) Potassium chlorate is 




X1 1 >: 
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a white, crystalline solid containing, potassium, clilorine/and 
oxygen. Although only a little more than 7 % of the weight 
of mercuric oxide (HgO) is oxygen, yet almost 40% of the 
weight of potassium chlorate (KClOg) is oxygen. This eom- 
poimd gives up its oxygen readily when heated, the decomposi- 
tion occurring as shown by the following equation: 

2KCIO3 2KCI + 3O2 1 . 

potassium chlorate potassium chloride oxygen 

potassium potassium 

chlorine chlorine 

oxygen 


The gas is not very soluble in w^ater, and for that reason it 
can be collected over water by the method known as water 



Fig. 23. — Laboratory apparatus for preparing oxygen. 


displacement. (See Fig. 23 .) The student should compare 
the formulas for potassium chlor?’(^e (KCl) and potassium 
chlorate (KCIO3), and note the difference between them. We 
do not include the manganese -.dioxide in the equation, be- 
cause it takes no part in the chemical reaction. It serves as a 
contact agent, a catalyst, or a catalytic agent 


44 OXYGEN 

It is possible to prepare oxygen from potassium chlorate 
without the use of the manganese dioxide. But when the 
manganese dioxide is present, the potassium chlorate de- 
composes at a lower temperature and the gas is evolved more 
evenly and more rapidly. At the end of the reaction, the 
manganese dioxide is unchanged. What part it plays is 

unknown. We call it a 
catalytic agent, which has 
been called a term that 
chemists use “to cover 
their ignorance.” Any 
substance which by its 
■presence aids in accelerat- 
ing chemical action 
without itself being perma- 
nently changed is called a 
catalyst or a catalytic 
agent. We shall meet 
this term frequently, 
since many chemical re- 
actions proceed so slowly 
that the success of many 
manufacturing processes 
depends upon the use of 
suitable catalysts. We 
may compare the action of a catalytic agent to that of a 
whip on a horse. It does not help the horse in any way 
or supply him with energy, but by the slightest contact it 
makes him go faster. On the other hand, it is sometimes 
desirable to slow up or to retard some chemical reactions. 
Some negative catalysts are known. For example, acetanilide 
is added to hydrogen peroxide to keep it from decomposing 
too rapidly. In a similar way either glue or sawdust will 
retard the “setting” or hardening of plaster of Paris. 

3. Gomnmrcial methods. Since both air and water are 
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cheapy and contain an abundant supply of oxygen, the 
manufacturing chemist naturally turns to them for a com- 
mercial supply. Oxygen obtained from either source may be 
bought in the market. 

(1) From water. In Section 27 we learned that it is pos- 
sible to decompose water by passing an electric current 
through it, A similar process is used commercially, but 


Fig. 25. — Steel cylinders for storing oxygen gas under pressure. 


sodium hydroxide instead of sulfuric acid is added to the 
water to make it a conductor. Figure 24 shows one of the 
cells in which the oxygen is prepared. This method gives 
very pure oxygen, but large quantities of electrical energy 
are needed to decompose the water. Hydrogen is produced 
as a valuable by-product. The oxygen is forced into steel 
cylinders under high pressure. This is a general method of 
preparing gases for market. (See Fig. 25.) 

(2) From liquid air. Air is a mixture composed largely of 
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nitrogen and oxygen. By compressing air and cooling it at 
the same time to a very low temperature, it may be liquefied. 
Liquid nitrogen has a lower boiling point than liquid o.xygen. 
For that reason the nitrogen will boil away first when the 
liquid air stands. The oxygen which is left is pure enough for 
many industrial purposes. The raw material costs notliing, 
but the machinery used is e.xpensive. Nitrogen, argon, and 
neon are valuable by-products. 

30. Physical Properties. Pure oxygen is a colorless, 
odorless, tasteless gas. It is slightly heavier than air. At 
standard conditions Of temperature and pressure (0° C. and 
a pressure of 760 mm. of mercury), 1 liter of o.\'ygen weighs 
almost 1.43 gm. One liter of ah- under the same conditions 
weighs a trifle more than 1.29 gm. Oxygen is slightly soluble 
in water. One hundred liters of ice water will dissolve nearly 
five liters of oxygen (S.T.P;). It is interesting to note that 
100 liters of water at room temperature can hold only a trifle 
more than 3 liters of oxygen. Therefore, if water saturated 
with oxygen gas at 0“ C. were warmed to room temperature 
(20 C.), about two liters of oxygen would be expelled. This 
3xplams why bubbles of gas appear when a glass of cold water 
s permitted to stand for some time in a warm room. Only a 
mrt of the gas bubbles is oxj^gen, but aU gases are less 
Kiluble m warm water than in cold. Like all gases, if cooled 
ufiiciently while the pressure upon it is increased, oxygen is 
fonyerted into a liquid. Liquid oxygen is pale-blue in color. 

1. Chemical Behavior of Oxygen. Oxygen has been 
lescnbed as an affectionate element: it combines readily 
nth so many other elements, ife most important chemical 
roperty is its achmty. At ordinary temperatures, however 
xygen interacts slowly with substances or in some cases not 
a^. At higher temperatures it reacts rapidly with most 
ibstances, usually with the evolution of both heat and light. 

f Oxidation? Let us scrape the surface of a 

lece of sheet lead until it is bright and lustrous. In a half 
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hour we find that it has become dull and tarnished. The 
oxygen of the air has united slowly with the lead to form this 
tarnishj which is called lead oxide. In a similar manner the 
oxygen which we take into our lungs combines with the 
carbon and the hydrogen which are present in our foods and 
oxidizes them, forming carbon dioxide (CO 2 ) and water re- 
spectively. (See Section 38.) In both these cases heat is 
evolved, but there is no light produced. In this way the 
temperature of our bodies is kept at 98.6® F. The 'process hy 
lohich oxygen unites with some other substance is called oxidor 
tion. The product formed is an oxide. The decay of wood and 
vegetable matter, and the rusting of certain metals, are other 
examples of slow oxidaMo?i. The effects of rapid oxidation 
are discussed in Section 34. 

The oxygen may be furnished by the air, or it may be 
supplied by some substance which is rich in oxygen and 
liberates oxygen readily. If a compound gives up its oxygen 
to a substance readily, we call it a good oxidizing agent. Air 
is an oxidizing agent, but many compounds, such as hydro- 
gen peroxide (H2O2), nitric acid (HNO3), and potassium 
chlorate (KCIO3) are more vigorous oxidizers. 

33. Oxides Are Important Compounds. When, metals 
combine with oxygen, they form oxides. Such metals as tin, 
iron, copper; 5dnc, and lead combine with oxygen to form 
oxides of those metals, either slowly when cold, or more 
rapidly when heated. Hydrogen unites with oxygen to form 
water. Carbon unites with oxygen to form either carbon 
monoxide (CO) or carbon dioxide (CO 2 ). The prefix ^^di^’ is 
used when there are two atoms of oxygen. Oxides are hmary 
compounds. A binary compound contains two elements; 
the names of such compounds take the ending ‘fide.” For 
example, an oxide consists of oxygen and one other element. 
A chlorfde contains chlorine and one other element, 

34. What Is Meant by Combustion? If we hold a piece 
of magnesium ribbon in the flame of a burner, it will ignite 
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and burn with a white flame. It unites with oxygen so 
rapidly that noticeable heat and light are both produced. 
Any chemical action that occurs so rapidly that light and heat 
are produced is known as combustion. (See Fig. 26 .) When 
wood burnS; the carbon and hydrogen of the wood unite 
chemically with the oxygen of the surrounding air. In 
such cases, combustion is rapid oxidation in which heat and 
light are evolved. 

In early times, fire was so mysterious that it was an object 


A burning oil tank. The combustion is so rapid that only a 
part of the carbon is oxidized. 


of worship in many countries. According to Greek myth- 
ology, Prometheus stole fire from the gods, and brought it 
down to mortals. Many of the alchemists accepted the 
phlogiston theory of combustion. Such elements as carbon 
and hydrogen were believed to be especially rich in phlogis- 
ton, When they burned, the phlogiston escaped. When 
metals burn, the resulting oxides weigh more than the metals 
weighed originally, but the advocates of the phlogiston 
theory explained this fact by saying that in some cases 
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“phlogiston has less than no weight/^ This absurd theory- 
delayed progress in chemistry for about a century. We 
would expect that Priestley, after he discovered oxygen, 
would have learned the true explanation of ordinary burning, 
but he remained a firm be- 
liever in the phlogiston theory 
of combustion. 

Antoine Laurent Lavoisier, 
a French investigator, was 
the first to show what really 
happens during ordinary 
burning. (See Fig. 27.) He 
used the balance to show 
that metals gain weight when 
heated and to prove that the 
weight gained exactly equals 
the weight of oxygen added. 

He showed that matter is not 
gained or lost during a chemi- 
cal change, thus giving proof 
to the theory of the inde- 
structibility of matter. When 
he heard of Priestley^s ex- 
periments, he had been study- 
ing the rusting of metals in 
air. He at once came to the 
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, 

conclusion that Priestley's “perfect air" is really a part of 
ordinary air. To prove his conclusion, he devised the fol- 
lowing classical experiment: 

In the apparatus of Fig. 28 the retort contained a weighed 
quantity of mercury and the bell-glass a measured volume of 
air. The pneumatic trough contained mercury. When Lavoi- 
sier heated the mercury in the retort, some of it turned to a red 
powder, and the volume of the air in the bell-glass was reduced. 
After 12 days no further action took place even when the heat- 
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i Fig. 26. -A burning oU tank. Th, aerated which was exactly like 
part of the cart 

Because Lavoisier proved that ordinary hurning is the 
union of oxygen with some other substance, he is known as the 
father of modem chemistry. Despite the plea of one of 
the friends of Lavoisier, this distinguished scientist was put 
^ death by the guillotine in 1794. The Revolutionists 
remarked, “France has no need for savants.” 

Since only about one-fifth of the air is oxygen, substances 
burn more rapidly in pure oxygen than in air, and some sub- 
stances that do not burn in air at all, burn vigorously in 
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oxygen. A glowing splinter thrust into a bottle of oxygen 
bursts into flame. This series as a test for oxygen. Finely 
divided iron burns in oxygen, giving off dazzling white 
sparks. Since oxygen is required for ordinary burning, the 
gfXB m to siifport comhxistion, 

35. Kindling Temperature. The' furniture of a room is 
made of combustible material and it is surrounded by air 
containing oxygen, but it does 
not take fire. Before wood be- 
gins to burn, heat must be 
applied to raise it to a certain Fig. 29. — Match (iongitudinal 
temperature. The lowest section). 

teniperature at which a snhstance takes fire, or beg ms to hm% 
is caUed its kindling temperatiire. This temperature varies 
with the nature of the substance, and the 
amount of surface exposed. Phosphorus, 
for example, has so low a kindling tempera- 
ture that a slight amount of friction raises 
its temperature enough to kindle it. The 
head of a match is made of some material 
that has a low kindling temperature. When 
the head burns, the chemical reaction is 
exothermic, and enough heat is liberated to 
kindle the match-stick. (See Fig. 29.) 

Since in burning the oxygen unites with 
the substance, combustion can occur at the 
surface only, A match supported as in 
Fig. 30 in the center of the flame of a Bunsen 
burner is not kindled. This shows that such 
a flame is hollow and that burning occurs only at the surface 
where the gas comes into contact with the oxygen in tlie^air. 
This fact may also be shown by momentarily thrusting a 
sheet of paper down upon the flame. The charred spot on 
the paper is circular. 

It is of interest to study the effect of increasing the surface 



Fig. 30. — Match 
head in flame shows 
that combustion 
occurs at surface 
only. 
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of a combustible substance. If we split a block of wood, two 
new surfaces are exposed to the oxygen and combustion is 
more rapid. If these pieces are split again still more surface 
is exposed. Wood shavings and paper .burn rapidly because 


Courtesy U.S. Bureau of Mines 

Fig. 31. — This twisted mass of d§bris bears mute testimony to 
the violence of dust explosions. 

they have such large surface areas. A powdered substance 
has such an extensive surface that it burns almost instantly, 
or explosively, if it is loose enough so oxygen can penetrate it 
readily. Dust scattered through the air of a coal mine, or 
particles of flour scattered through a flour mill, may explode 
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Venturi tub© 


Diagram of carburetor. 


if they are ignited or raised to their kindling temperature. 
(See Fig. 31.) Powdered coal will burn in a manner similar 
to gas, if the powdered coal is blown by compressed air into 
the furnace where it is ignited. One type of explosion may be 
defined as practically instantaneous combustion throughout the 
entire mass. 

The carburetor of an automobile mixes gasoline vapor and 
air in just the right proportion to form an explosive mixture. 
(See Fig. 32.) As the pis- 
ton in the cylinder of an 
automobile moves down- 
ward, such a mixture is 
pushed into the upper 
part of the cylinder. 

There the mixture is com- 
pressed by the piston as 
it next moves upward. 

An electric spark heats the 
gaseous mixture to its kindling temperature, the mixture 
explodes, and pushes the piston downward again with great 
force. (See Fig. 33.) Thus we utilize the force caused by the 
rapid expansion of exploding gases to drive the automobile. 
The products formed during an explosion may expand and 
occupy a space several thousand times their original volume. 

36, Principles Involved in Extinguishing Fires. We have 
seen that three things are necessary for combustion: (1) Com-- 
bustible material; (2) a supply of oxygen; (3) mbstawe 
must be raised to its kindling temperature. A fire may be ex- 
tinguished: (1) by removing the combustible material; (2) by 
shutting off the supply of oxygen; (S) by cooling the substance 
below its kindling temperature. The successful application of 
any one of these principles extinguishes the fire. In large 
city fires, buildings are often dynamited to make the com- 
bustible material inaccessible. Water lowers the tempera- 
ture of the burning substance and^ as the water evaporates^ 
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its vapor shuts off the .supply of oxygen. A wet blanket ^ or a 
quantity of sand, shuts off the oxygen supply. The effect of 
lowering the temperature may be seen by holding a copper 
spiral in a candle fiaine. The copper conducts the heat away 

so rapidly that the temperature 
falls below the kindling point, and 
the flame is extinguished. 

37. How Combustion May 
Occur Spontaneously. Several 
substances oxidize slowly even at 
the ordinary temperature and 
some heat is produced. If the air 
cannot circulate freely to dissemi- 
nate the heat, or if the substance 
is a very poor conductor, the accu- 
mulation of heat may eventually 
raise the temperature to the 
kindling point. Thus the sub- 
stance takes fire spontaneously. 
Hay, grain, and coal may oxidize 
slowly and cause fires by sponta- 
neous combustion. Oily rags 
thrown in a closet and left undis- 
turbed are a source of danger since 
the slow oxidation of the oil may 
heat them to their kindling tem- 
perature. Fires are often started in this way by spontaneous 
combustion. Metal cans should be provided in machine 
shops for oily waste. Vegetable and animal oils absorb 
oxygen slowly and may take fire spontaneously. Linseed 
oil ''dries by the absorption of oxygen; hence rags used by 
painters are especially dangerous. 

38. What Products Are Formed by Ordinary Combustion? 
If we blow our breath through a clear solution of lime wat<a', 
a milky precipitate is produced. This reaction, wliicii is 


Flec/nc 



Fig. 33. — Sectional \’iew 
of a single cylinder gas en- 
gine. 
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caused by the interaction of lime water, Ca( 0 H) 2 , and carbon 
dioxide, CO2, is a test for carbon dioxide. The precipitate 
formed is calcium carbonate, GaCOs. If we blow our breath 
against a cold window pane, water condenses on the glass. 
Both of these products are formed by the slow fires’^ that 
are burning in our bodies at all times. We call it slow oxida- 
tion, but oxidation and ordinary combustion differ only in 
the speed at which they occur. Illuminating gas contains 
carbon and hydrogen. When burned, it forms water and 
carbon dioxide. A wax candle, wood, coal, and such fuels as, 
kerosene and gasoline are composed largely of carbon and 
hydrogen. When these elements in the fuels burn, both water 
and carbon dioxide are produced. The mineral matter present 
in wood and coal remain as an ash, and small quantities of 
other products may be formed during combustion. 

If there is not sufficient oxygen to burn the carbon in a 
fuel completely, some carbon monoxide (CO) may be pro- 
duced. Such incomplete combustion occurs when gasoline 
burns in an automobile engine, or when fresh fuel is added to 
our furnace fire and the supply of oxygen is reduced by clos- 
ing the draft. Carbon monoxide is a deadly poisonous gas, 
whereas carbon dioxide is not poisonous.-"^ 

39. Weight Changes in Burning. By the use of the 
balance Lavoisier learned that mercury increases in weight 
when it combines with oxygen and forms the red powder, 
mercuric oxide. (See Fig. 34.) It is easy for students in the 
laboratory to show that such metals as tin, magnesium, iron, 
and copper also gain in weight when they are heated in air, 
or oxidized. 

When we burn wood or coal, however, the solid residue 
(ash) that is left weighs much less than did the original 
material. This puzzled the believers in the phlogiston theory. 
If we could collect the gases that go up the chimney when we 
burn a lump of coal, weigh them, and add their weight to the 
weight of ash remaining, we would find a decided increase 
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In weight. In fact, when one ton of pure charcoal is com- 
pletely burned, it unites with 2f tons of oxygen, and forms 
3 1 tons of carbon dioxide. In all chemical reactions, the 
weight of the factors combining exactly equals the weight of 
the product or products that are formed. No weight is ever 


Courtesy of Central Scientific Co, 

Fig. 34. A small piece of paper may be weighed 
on. a sensitive chemical balance. Xhe balance will 
show an increase in weight if a line f in. long is drawn 
on the paper with a lead pencil. ' 

gained or lost in a chemical reaction, a fact that is known as 
the Law op The CoNSERVATioisr op Matter. 

40, What Is The Nature of Incombustible Material? 
Some materials do not burn at all, and others are quite 
flammable or combustible.^ See note below. It is easy to 

^ Note. Strange as it may seem, the words flammable and in^ 
Jiammable have the same meaning. A person learning the English 
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understand why water, for example, does not burn. The 
hydrogen in the water already holds all the oxygen it can. 
As a rule, oxides are incombustible. Water and carbon 
dioxide make excellent fire extinguishers. The oxides of 
calcium, magnesium, and 
of silicon (sand, or Si 02 ) 
make good material for lin- 
ing furnaces or for fire- 
proofing. 

41. How Oxygen Is 
Related to Life. Oxygen is 
one of the most important 
elements. It may justly be 
called the life-giving ele- 
ment. Without oxygen 
animals could Uve only a 
few minutes. Taken in 
through the lungs, it is car- 
ried by the hemoglobin of 
the blood to all parts of the 
body. It oxidizes a part of 
our food, thus supplying us 
with warmth and furnishing 
us with heat energy. Fishes 
take oxygen from the air 

that is dissolved in water. C<mrUm of Mine safety Appliances Co. 

Even ’plants need oxygen wearer carries his own 

« . .. T supply of oxygen. 

for ordinary respiration. In 

animal bodies, oxygen *slowly oxidizes the waste tissues so 
they may be readily removed by the organs of excretion. 
Carbon dioxide and water vapor, waste products of oxidation, 
are exhaled from the lungs. 

language would suspect that the latter meant non-combustible. Since 
accidents have occurred in our industrial plants on account of this 
error, the Bureau of Standards is trying to have the word jiammahh 
used in marking all combustible materials. 
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42. One Form of Decay Is An Oxidation Process. In the 
presence of bacteria, plant and animal tissues slowly oxidize 
during; the processes of decay. Several reactions occur, but 
some water and carbon dioxide are produced. Dry wood 


Courtesy U.8. Bureau of Mines 

Fig. 36. — Men equipped with oxygen apparatus used in mines or 
for rescue work. Note white mice in cage carried by the man at the 
right. 


and dried foodstuffs do not decay, because bacteria need 
moisture for their growth. 

43. Oxygen Has Many Uses. 1. In Special Occupations. 
Very often it becomes necessary for a fireman to enter a 
building filled with smoke, or for a miner to enter a mine 
filled with poisonous or suffocating gases. Under such 
circumstances they make use of an oxygen helmet. (See 
Fig. 35.) Oxygen under pressure is carried in cylinders at 
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the back, whence it is supplied through a reducing valre to 
the breathing bag which is carried on the wearer^s chest. 
Or the oxygen may be generated by chemicals and supplied 
through a flexible tube to a mask that fits over the nose and 
mouth of the wearer. Figure 36 shows a group of men 
equipped with oxygen apparatus testing for poisonous gases 
in a coal mine. The one 
at the right has a cage of 
white mice. These ani- 
mals and canaries are 
often used in this way 
since they are very sus- 
ceptible to poisonous 
gases. A chemical de- 
tector is now used ex- 
tensively for this purpose. 

(See Fig. 37.) Divers 
sometimes are equipped 
with self-contained oxy- 
gen apparatus. The War 
Department has found 
that aviators ascending 
to high altitudes become 
faint or weakened be- 
cause the air is too rare 
to supply enough oxygen. Therefore rules are enforced re- 
quiring all aviators flying at a height of more than 10,000 
feet to carry a supply of oxygen. It is also of interest to 
note that a gas engine loses about 60% of its efficiency at an 
elevation of 20,000 feet, because the supply of oxygen is 
reduced unless a supercharger is used. 

2. For Resuscitation Work. Pure oxygen is often given to 
persons suffering from pneumonia and in other cases when 
the person is too weak to inhale the necessary volume of air. 
In cases of asphyxiation from inhaling smoke or other suffo- 



Courtesy U,S. Bureau of Mine^ 

Fig. 37. — The tube contains iodine 
pentoxide (Hoolamite) which shows a 
color change varying in depth with the 
amount of carbon monoxide present in 
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Courtesy of McKesson Appliance Cc 

Oxygen from the cylinder at the left is supplied 
to the patieiit under the tent. 





eating gases, or from electric shock, an oxygen tent is used. 
An electric motor keeps the tent supplied "with air, and 
oxygen is , added in the de- • • 


sired proportion (see Fig. 38). ■ 

As many as 100 cu, ft. of air V 

per minute may be supplied 
to the patient. A flow- Ihydroqem 

meter is used to regulate 
the amount of oxygen being 
supplied. It may supply 14 liters per minute. 

3. For Purification, 
Fresh air and sunlight 
are the best disin- 
fectants. Oxygen in the 
air is believed to be a 
very valuable aid in 
destroying bacteria. 
Rivers containing sewage 
are purified in flowing 
considerable distances 
by contact with the oxy- 
gen in the air. In 
sewage disposal plants of 
some cities the sewage 
sprayed into the air 
be purified by the oxy- 
gen. Fountains, cas- 
cades, and other devices 
are used to aid in puri- 
41. — Robert Hare (1781-1858) f3dng city water supplies. 

was an i^erican chemist, writer and in- FigUreSO shows theaera- 
ventor. He made the first electric furnace, ^ ^ 

in which he prepared graphite and calcium tionreservoir at Ashokan 
carbide. where some of the water 

used to supply New York City is aerated. The water flows 
85 miles through an aqueduct 7 feet in diameter. 


41. — Robert Hare (1781-1858) 
was an American chemist, writer, and in- 
ventor. He made the first electric furnace, 
in which he prepared graphite and calcium 
carbide. 




chamber 







PREPARATION- OF OZONE 


flame, estimated at from 3400 to 3700® C, This blowpipe is 
extensively used for cutting metals. (See Fig. 43.) A similar 
blowpipe is used for welding metals. 

OZONE 

44. Preparation of Ozone. In the ozonizer shown in 
Fig. 44 the tubes are covered with layers of tin foil. The 


Fig. 43. — Cutting through 12-iii. armor plate with the 
oxy-acetylene flame. 


inner layer of foil is then connected to one terminal of an 
induction coil, or a coil for producing electric sparks, and the 
other layer is connected to the other terminal. Thus there 
will be a brush discharge, or a leakage of electricity across 
^ the tubes from one layer of tin foil to the other. When oxygen 
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is passed through the tube, a part of the oxygen is con- 
verted into ozone. Some ozone is formed in the air by the 
lightning flash during an electrical storm. It is also pro- 
duced by the slow oxidation of the sap of pine trees in pine 
forests, or during the slow oxidation of phosphorus. 

46. What Is the Nature of Ozone? • It is not unusual in 
chemistry for the same element to exist in two or more 
different forms. Such an element seems to have a dual 
personality, or to live, a kind of Dr. Jekyll and Mr. Hyde 
existence. Each form is called an allotropic modification of 
the other. This word comes from the Greek {alios, other ; 



tropos, ^Hurn” or ^Mirection^O- Hence it is possible to turn 
one form into the other. To change oxygen to ozone, we add 
electrical energy to it. Three volumes of oxygen form two 
volumes of ozone. 

3O2 — ^ 2O3 ' 

3 volumes of oxygen “-*» 2 volumes of ozone. 

46 , Properties and Uses of Ozone. Unlike oxygen, ozone 
has an irritating odor. It can be smelled in a room where an 
electrical niachine has been running for some time. Ozone is 
heavier than oxygen, and considerably more soluble in water. 
It is one of the most vigorous oxidizing agents known. It 
destroys bacteria and causes many colors to fade rapidly. 
It attacks silver and mercury, forming black oxides of these 
metals. At a high temperature, it is converted into oxygen. 

Ozone has been used to some extent for bleaching wood 
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pulp, textile fibers, oils, and waxes. In Lille, Paris, Lenin- 
grad, and several other European cities, ozone is used to 
purify the water in city reservoirs. Some ozonized water is 
sold in certain cities of the United States under the name 
^^Electrified water. Ozone has one decided advantage over 
other bleaching and disinfecting agents. As it bleaches or 
destroys bacteria, only oxygen is left. Attempts have been 
made to use ozone in ventilating systems for large buildings. 
But here it is irritating to human beings, if it is used in large 
enough quantities to destroy bacteria. It is useful, however, 
in destroying the odors that arise in slaughter-houses, cold- 
storage rooms, restaurants, and kitchens. 

SUMMARY 

Oxygen is the most abundant element. It is found in air, in 
water, and in many rocks of the earth’s crust. 

Priestley first prepared oxygen by hes^^ting mercuric oxide. In 
the laboratory it is prepared by heating a mixture of potassium 
chlorate and manganese dioxide* Commercially it is obtained 
from water by electrolysis or from liquid air. 

Oxygen is a colorless, odorless, tasteless gas. It is slightly 
soluble in water, and slightly heavier than air. Oxygen is one 
of the most active elements, especially at high temperatures. 

A catalytic agent is a substance that aids chemical action 
without being permanently changed itself. 

The process by which oxygen unites with some other substance 
is called oxidation* The compound that supplies the oxygen is 
called an oxidizing agent* The substance upon which the oxygen 
acts is said to be oxidized. The product formed as a result of 
oxidation is called an orcidc. 

Ordinary cornbustion is rapid oxidation. Light and notice- 
able heat are evolved. Before burning can occur, the combustible 
material must be heated to its kindling temperature. Lavoisier, 
a French chemist, was the first to explain the true nature of 
combustion. He is commonly called the ‘‘ Father of Chemistry.’’ 

Three things are needed for combustion: (1) combustible 
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material; (2) a supply of oxygen; (3) the material must be heated 
to its kindling temperature. Fires are extinguished by eliminat- 
ing any one of the three essential factors. 

The products of ordinary combustion are water and carbon 
dioxide. Substances increase in weight when burned, because 
the oxygen with which they unite has weight. 

Oxygen is essential to plant and animal life. It plays a part 
in decay. It is used in the oxy-hydrogen and the oxy-acetylene 
blowpipes; it finds use in hospitals; it is carried by miners 
engaged in rescue work, and by aviators. 

Ozone is a very active form of oxyen. It is a good bleaching 
and purifying agent. 


QUESTIONS 


Group A 


1. Why would fishes die if put in an aquarium of water 
which had been boiled and subsequently cooled? 

2. In preparing any element, what things would need to be 
considered in the choice of the raw materials? 

3. Why are catalysts of so much value to manufacturers? 

4. ^ What products are formed by burning each of the follow- 
ing: tin, copper, phosphorus, magnesium, sulfur, carbon, and iron? 

5. How would you test a bottle of gas to distinguish oxygen 
from air? To distinguish between oxygen and carbon dioxide? 

6 . Paper, wood, and coal are usualty added successively 
when starting a hard coal fire. Explain. 

7. Why does a book or a magazine burn so slowdy when 
closed and so rapidly when opened? 

8. Why is a candle flame extinguished by blowing? Why 
does blowing a fire make it burn more vigorously? 

9. Why is a spark in a flour mill likely to cause an explosion? 

10. Which should you use to put out a gasoline fire water 

or sand? Explain. ' 

11. When baking soda is heated, it gives off carbon dioxide. 
Do you think baking soda would make a good fire extinguisher^^ 
Explain. 

12. ^ Pyrene fire extinguishers contain carbon tetrachloride a 
volatile liquid that does not burn. Explain how it puts out a fire. 
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13. Carbon tetrachloride is quite as good for dry cleaiiiiig 
and removing stains as gasoline. What advantage has it over 
gasoline for that purpose? 

14. Can you think of any metals that would not gain in 
weight when heated in air? If so, name them. 

15. Why is no ash formed when fuel gas burns? 

16. Automobile shops frequently use oxygen. For what 
purposes? 

17. Explain why water and carbon dioxide do not burn. 

18. What w'ouid be the best thing to do if your clothing 
caught fire? 

19. When a paint hardens, the linseed oil takes oxygen from 
the air and forms a tough, resinous skin. What kind of a chemical 
would you add to a paint to make it ^‘dry’^ faster? 

20. Why should wood and such metals as iron be kept well- 
painted? 

21. Why should oily wastes be kept in metal containers in 
shops and factories? 

22. What property of oxygen makes it possible to collect the 
gas by water displacement? Should bottles of oxygen gas be 
kept mouth upward or mouth dowmward? Explain. 

Group B 

23. What changes would occur in nature if the air were pure 
oxygen? Do you think it would be of advantage to administer 
oxygen to a football team just before a game? 

24. From the formulas note the difference between potassium 
chloride and potassium chlorate. How would you expect a 
nitride to differ from a nitrate? Or a sulfide from a sulfate? 

25. When one end of a splinter is thrust into a flame, why 
does not the splinter burn along its entire length as soon as one 
end is kindled? 

26. Since powdering a substance makes it burn more rapidly, 
why is it so difficult to burn coal dust in a furnace? 

27. If our atmosphere were composed of illuminating gas, 
do you think oxygen -would burn in it? Are the terms combusti- 
ble” and “supporter of combustion^” interchangeable? 

28. Why is a gas engine called an internal combustion 
engine? 
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29. What is meant by saying that the cylinders of a gas 
engine are flooded? 

30. Sir Walter Raleigh is said to have made a wager with 
Queen Elizabeth that he could tell the weight of smoke. He 
weighed a pipe filled with tobacco, smoked it, and then weighed 
it again. He gave the difference as the weight of the smoke. 
Had Queen Elizabeth known chemistry, how could she have 
proved that he was wrong? 

31. Cork for making linoleum is ground between stones to a 
very fine dust. If the cork is not supplied continuously to the 
revolving stones, an explosion may occur. Explain. 

PROBLEMS 
Group A 

1. If water is 88.88% oxygen, how many liters of oxygen 
can be prepared from 100 gm. of water by electrolysis? 

2. How many grams of oxygen can be obtained from 5 gm. 
of potassium chlorate, which is 39% oxygen? How many liters 
would the oxygen occupy at standard temperature and pressure? 

Group B 

3. Suppose you burn 10 tons of coal during the winter. If 
that coal is 80% carbon, how many tons of carbon dioxide gas 
will go up your chiihney? Hint: See Section 39. 

4. Suppose the coal in Problem 3 contains 4% of hydrogen. 
How ma,ny gallons of water would be formed by its complete 
combustion? (A gallon of water weighs about 8 lb.) Hint* The 
hydrogen in water is only 11.11% of the total weight. 

SUPPLEMENTARY PROJECTS 

Prepare a report on the life and work of Joseph Priestley or 
of Antoine Lavoisier. 

Be prepared to give an historical and explanatory account of 
the phlogiston theory of combustion. 

Eeferences: Any good encyclopedia. 

Moore, F. J., History of Chemistry. McGraw-Hill. 
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an abundant element, but it is wiueiy uistriDuted. One- 

ninth of water by weight is hydrogen, and all acids contain 
hydrogen. Hydrogen is present in all plant and animal 
tissues. Nearly all our fuels — gas, wood, and coal — con- 
tain hydrogen. 

48 . How Hydrogen Is Prepared. Since hydrogen is widely 
distributed, several methods of preparing it are known. In 
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nearly all cases, however, the hydrogen is obtained either 
from water or from some acid. 

1. From water. (By electrolysis.) This method is quite 
extensively used for preparing hydrogen in the United States 

: _ ‘ and in Germany. The 

it again. He gave'TKB'nrr^^ 

Had Queen Elizabeth known che 


process was discussed in 
Section 29. If we con- 
sider hydrogen as the 
main product, then oxy- 
gen becomes the by- 
product. 

2. From water. (By 
substitution.) Metallic 
sodium is a white metal, 
soft enough to be cut 
easily with a knife, and 
light enough to float on 
water. But it has one 
chemical property that 
is even more interesting. 
It is so active chemically 
that, when placed on 
water, it interacts vigor- 
ously with the water, 
skimming around on the 
surface,. ■■ and liberating' 
hydrogen gas with a 
hissing sound. This con- 
tinues until each sodium atom has substituted itself for one 
of the atoms of hydrogen present in a molecule of water. 
The following equation, 
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Sodium water 
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shows clearly that an atom of sodium displaces one ' of the 
hydrogen atoms from a molecule of water, and unites with 
the remaining hydrogen and oxygen atoms to form ■ sodium 
hydroxide. If we evaporate the excess water, a white caustic 
solid is left. This solid, sodium hydroxide, is familiar to most 
persons under the name cojicentrated lyCj or caustic soda. 
Chemists call it a base. Its properties are quite the opposite 
to those of an acid. 

Potassium is a metal that is similar to sodium, but it is 
even more active. When it is placed on water, it liberates 
hydrogen with such vigor that the heat of the reaction is 
sufficient to kindle the hydrogen, which burns as fast as it 
is set free from the winter. Some other metals attack water 
in a similar manner. Calcium, however, interacts more slowly 
than sodium. 

Magnesium decomposes boiling water slowly. At a high 
temperature, iron will liberate hydrogen from wmter. One 
commercial process for making hydrogen consists in passing 
steam through a tube containing finely divided iron. When 
the iron is heated to a red heat, a reaction represented by 
the following word equation takes place: 

Iron + steam hydrogen + iron oxide, 
r hydrogen f iron 

\ oxygen \ oxygen 

3. From acids, by substitutio7i. (Usual laboratory method.) 
All acids contain hydrogen, which may be set free by certain 
metals. Several different acids may be used, and any one of 
quite a number of metals. Sulfuric acid is a heavy, oil 3 !^ 
liquid. If we add one part of this concentrated acid to five or 
six parts of water, the dilute acid thus formed will attack 
zinc or iron vigorously. The speed at which the hydrogen is 
evolved depends upon the amount of surface the metal ex- 
poses, the temperature, the strength of the acid solution, 
the kind of metal used, and its purity. Pure zinc interacts 
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very slowly. In ordinary commercial zinc there is generally 
enough carbon present to accelerate the action. Figure 46 
shows one type of apparatus commonly used in the laboratory 
for the preparation of hydrogen. Zinc is put in the bottle 
and either sulfuric or hydrochloric acid is added through the 
thistle tube. The hydrogen is collected by water displace- 
ment. The action is as follows: 

» Hat 

hydrogen 


Zn 

Zinc 


+ H2SO4 
sulfuric acid 
[ hydrogen 
I sulfur 
[ oxygen 


+ ZnS04. 
zinc sulfate 

f zinc 
] sulfur 
[ oxygen 


It is customary to say that the metal dissolves in the acidj, 
but the statement is incorrect. In reality, the metal inter- 
acts with the acid, liber- 
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Fig. 46. — Laboratory apparatus for 
preparing hydrogen. 


ating hydrogen as a gas, 
and forming a salt, zinc 
sulfate, which dissolves 
in the excess water. The 
metal loses its properties, 
but it also destroys the 
acid. One often hears a 
plumber when making a 
soldering fluid speak of 
adding zinc to an acid to “kilT' the acid. If we evaporate 
the excess water that is left after the action in the hydrogen 
generator has stopped, we shall have a white, crystalline 
solid called zinc sulfate. The equation shows us that the zinc 
has merely substituted itself for the hydrogen of the acid. 

49. Physical Properties. Hydrogen is a colorless, odor- 
less, tasteless gas. It is the lightest gas known, being only 
one-fourteenth as heavy as air. One liter at standard condi- 
tions weighs almost 0.09 gm. Hydrogen is less soluble in 
water than oxygen* 

In 1898 Dewar succeeded in liquefying hydrogen by re- 
ducing the gas to a very low temperature and subjecting 
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it to a high pressure. Liquid hydrogen is clear and colorless, 
only one-fourteenih as heavy as water. Its boiling point is 
— 252.5° C. When a part of the liquid is evaporated rapidly, 
the remainder freezes to an ice-like sohd. 

Liquids and gases have the property of intermingling 
through the pores of membranes. (See Fig. 47.) This is 
called osmosis. Hydrogen diffuses in 
this manner more rapidly than any 
other gas, because the molecules of a 
light gas move at a high velocity. 

This makes it difficult to keep hydro- 
gen in containers. Rubber balloons 
filled with hydrogen soon collapse due 
to the rapid escape of the hydrogen 
through the pores of the rubber. 

Dr. Harold C. Urey was awarded 
the Nobel prize in 1934 for his re- 
search work with 'heavy water' 
and 'heavy hydrogen,' which is 
called deuterium. In its chemical 
behavior deuterium is much like or- 
dinary hydrogen, but it is twice as heavy, 
oxygen to form 'heavy water.' 

60. Chemical Behavior of Hydrogen. Hydrogen burns 
with a very hot, pale blue, nearly invisible flame, forming 
water as its only product of combustion. (See Fig. 48.) 
We may show that hydrogen does not support combustion by 
thrusting a blazing splinter up into a bottle of hydrogen, 
held mouth downward, as shown in Fig, 49. The hydrogen 
is ignited and burns at the mouth of the bottle, but the 
burning splint is extinguished. 

Hydrogen is not a very active element. No action occurs 
when we mix hydrogen and oxygen at room temperature. 
If the mixture is heated to a temperature of 800° C., or if a 
lighted match is brought into contact with it, the gases 



Fig. 47. — Hydrogen 
readiiy passes through mem- 
branes by osmosis. 


It combines with 
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unite with explosive violence. Hydrogen and chlorine do 
not combine when they are mixed in the dark, but they unite 
explosively in direct sunlight, forming hydrogen chloride. 

Ho + CI 2 -> 2HCL 

hydrogen chlorine hydrogen chloride 

Under suitable conditions hydrogen combines with nitrogen 
and forms ammonia, a very important compound. The fol- 
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Fig. 48. — As hydrogen burns, water is formed. 


. ' equation shows that the chemical action is merely the 

direct union of the two elements: 


2 NH 3 . 

ammonia 


3 H 2 + Ns 

hydrogen nitrogen 

The commercial process for making ammonia, which was 
developed by a German chemist by the name of Haber, will 
be discussed m a later chapter. It is difficult to make hy- 
drogen combine with metals, but it has been accomplished 

of leflT“ An alloy 

ifJr? under the name of hy drone It 

liberates hydrogen when added to water, and fffids use in 
; prepanng hydrogen in small quantities. 
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51. What Is Meant by Reduction?' If we heat a piece' of 
sheet copper in air, a black scale of copper oxide forms on 
the surface. If we put this copper oxide 
in a glass' tube, as shown in Fig.. 50, and 
pass dr^/ hydrogen over it while the copper 
oxide is being heated, the hydrogen will 
remove the oxygen from the copper oxide, 
unite with it, and form water. The U-tube 
contains calcium chloride, which dries the 
hydrogen by absorbing any water that 
ina}?' have been carried over from the 
generator. Such ahstraction of oxygen 
from a compound is called reduction. The 
hydrogen serves as a reducing agent The 
equation follows: 

/ CuO + Hs Cu 4- H 2 O. 

copper oxide hydrogen copper water 

From these illustrations we see that oxidation and reduc- 
tion are opposite processes. Furthermore, it is impossible to 


<5 <5 




drogen burns, but it 
does not support 
combustion. 


Jfydrog^en takes ojcygren 
tram hot 


Fig. 50. — The hot hydrogen reduces the copper oxide to 
metallic copper, 

have one take place without the other. In the reaction 
represented by the equation, the copper oxide was the 
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' "54« How the Hydrogen Molecule Is Split into Atoms. 
We have learned that the molecule of a gaseous element con- 
tains two atoms. Dr. Irving Langmuir learned how to split 
up hydrogen molecules and produce atomic hydrogen. The 
hydrogen gas is passed through an electric arc in which the 
electrodes are made of tungsten, the metal that is used for 
the filaments of our electric lights. (See Fig. 51.) The heat 
of the electric arc splits the hydrogen molecules into atoms. 
Tremendous energy is used to accomplish this dissociation. 



Fig. 51. — The tungsten arc apparatus for using atomic hydrogen. 

As the atoms leave the electrode, they reunite to form hy- 
drogen molecules, which later combine with the oxygen 
around the arc. All the heat that was absorbed from the arc 
in breaking up the molecule is liberated when the atoms re- 
combine. This heat, added to that produced by the burning 
of the hydrogen molecules, gives the hottest flame or arc 
that man has been able to produce. The temperature is 
estimated at 4000° C. The at(mic4iydrogen arc is used for 
cutting and welding metals. (See Fig. 52.) 

55. Hydrogen Has Many Uses. There are several ways 
in which hydrogen is utilized. A study of its applications 



78 HYDROGEN 

affords us excellent examples of the manner in which the 
uses of a substance depend upon its special properties. 


Courtesy of General Electric Co. 

Fig, 52. — Use of the atomic-hydrogen arc for welding. 

. 1. For its buoyancy. Since hydrogen is the lightest gas 
known, we would expect it to find use in filling balloons and 
dirigibles. Its so-called lifting power 
per liter is equal to the difference 
between the weight of 1 liter of air 
(1.29 gm.) and 1 liter of hydrogen 
(0.09 gm.). (See Pig. 53.) That 
means that the buoyant force on a 
toy balloon of one liter capacity, 
when filled with hydrogen, is 1.2 gna. 
There are 1000 liters in 1 cubic meter. 
Hence for every cubic meter capacity 
a balloon filled with hydrogen has a lifting power of 1.2 kil- 
ograms, or 2.64 lb. Military dirigibles of the Zeppelin 


jh'fer of air pushes 
upward with a force 
oft29 pm. 

Fig. 53. — The upward 
push of the air is the same 
in both cases, but the 
helium weighs more. 
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Courtesy of Major H. Lee Wells, Jr., $507 Jones St, Omaha, Neb. Copyright, 

The Explorer II almost ready for its flight into the stratosphere. In 
the small gondola suspended from the huge balloon, Captains Stevens 
and Anderson ascended to the record height of 72,395 feet on Nov. 11, 
1935. (See National Geographic Magazine, Jan. 1936.) 



This picture shows a 
cylinder of liquid car- 
bon dioxide being used 
to extinguish a trans- 
former fire. The dikes 
around the base of the 
transformer are filled 
to a depth of one inch 
with a mixture of gaso- 
line and fuel oil. 
Thirty seconds after the 
fire started. 


Courtesy of Pyrene Mfg. Co. 


The 50-lb.-capacity 
cylinder is wheeled to 
the fire and the valve is 
opened to release the 
pressure. One cu. ft. 
of liquid carbon dioxide 
then expands and forms 
about 450 cu. ft. of gas, 
which surrounds the 
fire and smothers it by 
blanketing. Five sec- 
onds after the gas is ap- 
plied. 


Courtesy of Pyrene Mfg. Co, 


The gas is non-con- 
ducting and the elec- 
tricity from the trans- 
former is not dangerous 
to the operator. The 
rapid expansion of the 
gas cools some of it so 
much that clouds of car- 
bon dioxide snow are 
formed. In ten seconds 
the fire is snuffed out 
completely. 


Courtesy of Pyrene Mfg. Co. 
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Fig. 54. — The Los Angeles entering the hangar at Lakehurst. 
This dirigible is 656 ft. long, 90 ft. in diameter, and almost 102 ft. 
high. The gas bags hold 2,472,000 on. ft. of gas. The Los Angeles 
weighs 91,000 lb. and can carry a load of 88,190 Ib. 

type have gas bags that hold several thousand cubic meters. 
Some of the Navy blimps are now filled with helium, a gas 
that is non-flammable. Helium is not quite 93% as efficient 
as hydrogen. 

2. As a reducing agent In Section 51 we learned that 
hydrogen can take oxygen from copper oxide. Hydrogen is 
capable of reducing the oxides of the less active metals, such 
as copper, tin, lead, zinc, and iron. Reduction is one of the 
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most important processes in chemistry, because many metals 
are found in nature as oxides. In the extraction of such 
metals from their ores, a reducing agent is used to take the 
oxygen from, the oxides. Carbon, however, is cheaper and 
more convenient to use than hydrogen. It is generally used 
in the form of coke. 

In some cases a metal needs to be worked in an atmosphere 
free from oxygen. The tungsten used for making filaments 
for electric bulbs is swaged and prepared for drawing by 
heating in a hydrogen furnace to prevent oxidation. 

3. As a fuel and illuminant. Nearly all our fuels contain 
hydrogen, either free or combined. Coal gas and oil gas 
contain hydrogen in quantity. The water gas, which is now 
manufactured so extensively, contains nearly 40% hydrogen. 
In the chapter on oxygen we learned that hydrogen is used 
with oxygen as a fuel in the oxy-hydrogen blowpipe. If 
hydrogen is used alone, it is not satisfactory for illuminating 
purposes, because its flame is nearly colorless. It is satis- 
factory as an illuminant only in those cases where its heat 
may be used to heat some object, such as a piece of lime or a 
Welsbach mantle, to incandescence. 

4. For making hydrogen compounds. Increasing quantities 
of hydrogen are being used in the manufacture of ammonia 
by the Haber process. Wood alcohol, or methanol, is now 
extensively manufactured by combining hydrogen and carbon 
monoxide in the presence of a suitable catalyst. 

5. For hardening oils. Many American housewives prefer 
solid fats to oils for cooking purposes. Analysis shows that 
there is no difference between the composition of a solid fat, 
such as suet, and an oil, such as Cottonseed oil, except that the 
former contains more hydrogen atoms per molecule than the 
latter. Sabatier, a French chemist, discovered that hydrogen 
will combine with an oil to make a solid fat, provided finely 
divided nickel is used as a catalyst. The process is called 
hydrogenation. Millions of pounds of cottonseed oil are 


SUMMARY 


81 


hydrogenated^ or hardened, every year in 'the United States 
in the manufacture of lard substitutes. “Crisco^^ and 

Snowdrift are examples of cooking fats made by this 
process. Peanut oil and cocoanut oil are also hardened by 
this process for use in making the various ^^nut margarines/' 
or butter substitutes. Some fish oils lose their odor when 
hydrogenated and become suitable for use in making soap. 
In the. refining of petroleum, hydrogen is used to increase 
the yield of gasoline. 

' SUMMARY 

Hydrogen is found in water and in all acids. It is found also in 
all plant and animal tissues. 

Hydrogen is prepared commercially by the electrolysis of water 
and by passing steam over red-hot iron. In the laboratory, it is 
prepared by substituting a metal for the hydrogen in water, or for 
the hydrogen m an, acid. 

Hydrogen is an odorless, colorless, tasteless gas. It is only 
slightly soluble in water. It is the lightest gas known, being only 
one-sixteenth as heavy as oxygen. 

Hydrogen burns, but it does not support cornbustion. It is not 
very active chemically. Hydrogen is a good reducing agent. 

Reduction is the process of abstracting oxygen from a compound. 
It is an opposite process to that of oxidation, and both always 
occur simultaneously. 

In the replacement series, the metals have been so arranged 
that any metal that stands above another in the table will replace 
that metal from its compounds. The metals at the top of the 
table are most active. 

The hottest flame man has ever produced is made by splitting 
hydrogen molecules into atoms and utilizing the heat liberated 
as the atoms recombine. The atomic-hydrogen arc gives a tem- 
perature of about 4000° C. 

Hydrogen finds use as a fuel, as a reducing agent, for filling 
balloons, in making hydrogen compounds, and in the hydrogenation 
of oils. 
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QUESTIONS 
Group A 

1. What precautions should be taken in preparing hydrogen 
by the usual laboratory method? 

2. Would you expect to find hydrogen present in the free 
state in the air? Give a reason for your answer. 

3. Is hydrogen gas a good fuel? Explain. Is it suitable for 
illuminating purposes? 

4. Carbon monoxide burns with a pale-blue flame. Describe^ 
therefore, a method for making a decisive test for hydrogen. 

6. Should bottles of hydrogen be kept mouth upward or mouth 
downward? Explain. 

6. Would you use water or sand to extinguish burning potas- 
sium? Explain. 

7. Explain why helium is now being substituted for hydrogen 
for filling dirigibles. 

8. Give two reasons why neither sodium nor potassium is 
suitable for preparing hydrogen in quantity. 

9. What would be the effect of lighting the hydrogen at the 
end of the delivery tube before all the air had been driven out of a 
hydrogen generator? 

10. Explain why reduction cannot take place without oxidation. 

11. From the replacement series, pick out at least four metals 
that could be used instead of zinc for preparing hydrogen. Select 
three that could not be so used. 

12. In the preparation of hydrogen by the use of zinc and sul- 
furic acid, does the hydrogen come from the zinc or from the acid? 
Explain. 

13. Compare the formulas for oxide8 and hydroxides and state 
clearly the essential differences between them. 

14. What would happen if a blazing splint were thrust into: 
(a) a bottle of hydrogen? (6) a bottle of oxygen? (c) a bottle 
of hydrogen mixed with oxygen? (d) a bottle of air mixed with 
hydrogen? How would the reactions differ in the cases of the 
latter two? 

15. In what way does heavy hydrogen differ from ordinary 
hydrogen? Why is it important? 
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16. If you wished to prepare hydrogen in quantity, would you 
use iron or zinc? Give a reason for your ansiver. 

17. Explain what is meant by saying that zinc is added to 
muriatic acid to “kiir^ the acid. 

18. If you put a silver teaspoon in a solution of some compound 
of zinc, what would you expect to happen? What would happen if 
a bar of zinc were placed in a solution of some silver compound? 

IS. If there is a blast lamp in your laboratory, compare its 
construction with that of the oxy-hydrogen blowpipe. How are 
they alike? 

20. Why is reduction so important as a chemical process? 

21. Could pure hydrogen be used in your laboratory burner or 
ill the burner of your gas range? Why? 

22. From a study of the replacement series, which metals do 
you think would be most likely to corrode, or tarnish? 

23. Write the word equation for the reduction of tin oxide with 
hydrogen. Label the following: (a) oxidizingagent; (6) reducing 
agent; (c) substance that is oxidized; (d) substance that is reduced. 

PROBLEMS 

1. Sulfuric acid is 2.04% hydrogen. How many grams of 
hydrogen can be prepared from 50 gm. of sulfuric acid? 

2. How many liters would the hydrogen gas from Prob. 1 
occupy at S. T. P.? How many cubic meters? 

SUPPLEMENTARY PROJECTS 

Prepare a report on the life and work of Henry Cavendish. 

Reference: Encyclopedia Britannica, 

Be prepared to give an account of Langmuir ^s contributions to 
theoretical and practical chemistry. 

Reference: Science, Feb. 24, 1928; Nov. 20, 1925. 

Write a paper on the hydrogenation of oils. 

Reference: Scientific American Supplement See Reader^ s 
Guide, 


CHAPTER 6 
THE GAS LAWS 

Vocabulary 

Direct proportion. The relation between two factors in which as 
one increases, the other increases correspondingly. 

Inverse proportion. The relation between two factors in which as 
one factor increases, the other shows a corresponding decrease. 

Density. The weight per unit volume; the weight in pounds per 
cubic foot, or in grams per cubic centimeter. 

Barometer {haroSy heavy ” ; rneter, “ measure ”)• An instrument used 
to determine the pressure of the air. 

Pressure. A push or a pull. 

Coefficient. A number or factor placed before a quantity to show' 
how that quantity is affected by some change; for example, by 
temperature. 

66. Gas Volumes Vary. It is true that even solids and 
liquids do change their volumes and dimensions with a change 
of temperature and pressure. Such changes are so small that 
they become negligible, except in cases where precise measure- 
ment is required. In dealing with gas volumes, it is always 
essential to consider the effect of both temperature and 
pressure, for one liter of gas will expand almost four c.c. if 
warmed only 1° C., and it will contract almost 13 c.c. if the 
pressure at sea level is increased 1 cm. of mercury. 

Because of such variation, it is necessary to have a standard 
temperature and a standard pressure at which gases are 
measured. The standard temperature used is 0° C., the 
temperature of melting ice. The standard pressure used is 
the weight of a column of mercury 760 mm. high. This is equal 
to a pressure of 1034 gm. per sq. cm., or 14.7 lb. per sq. in. 

67* Why 760 mm. Was Selected. Everyone knows that 
it is possible to suck soda water through a straw, but not 
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barometer. 


^ WHY 760 MM. WAS. SELECTED 

eveiyone knows why the soda water rises, in the straw. The 
ancientS' used to say'^^Natureabhors'a vacuum.^' Thus they 
reasoned that when the air was removed from the straw, a 
vacuum would be produced, and nature would fill it with 
liquid. But the Duke of Tuscany had a 
deep well dug, and he found that in the 
best vacuum he could produce with a 
pump, water would not rise more than 
32 ft. He went to Galileo, an Italian phi- 
losopher, for an explanation. He answered, 

Evidently nature^s horror of a vacuum 
does not extend beyond 32 ft.” It is not 
certain that Galileo knew^ the correct 
answer, and his death occurred before the 
problem was solved. His pupil, Torricelli, 
reasoned that mercury, which is a little 
more than 13 times as 
heavy as water, should 
rise only xV high, or 
about 30 in., in an ex- 
hausted tube. 

Therefore he took a 
glass tube about 36 in. 
long, closed at one end, filled it with mer- 
cury, and inverted it in a bowl of mercury. 
(See Fig. 55.) Just as he suspected, part 
of the mercury flowed out of the tube, 
but the air pressure on the surface of the 
mercury in the bowl exerted just enough 
pressure to balance the mercury column 
30 in. high in the tube. Thirty inches is equal to 760 mm., 
or 76 cm. Thus Torricelli proved that the pressure of the sur- 
rounding air is responsible for the rise of liquids in exhausted 
tubes. (See Fig. 56.) When the air pressure increases, 


Fig. 56. -—.Air pres- 
sure causes rise of 
liquids in exhausted 
tubes. 


more mercury is pushed up the tube. Part of the iriercury 
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flows out when the air pressure is reduced. The average pres- 
sure at sea level is just sufflcient to balance a column of mer- 
cury 760 mm. high. For that reason ''760 mm. of mercury'' 
was chosen as standard 'pressure. Since we live at the bottom 
of an ocean of air we are under a pressure 
equal to 760 mm. of mercury, or 34 ft. of water. 
We can see just how absurd the old idea was 
if we try to picture a vacuum (nothing) pulling 
something up an exhausted tube. 

68. The Barometer. A simple barometer 
consists of a Torricellian tube which has been 
fitted with a graduated scale so that the height 
of the mercury can be easily measured. Of 
course the height of the mercury column will 
vary as the pressure of the air changes slightly 
from day to day. The student must remember 
as he works with gases in the laboratory that 
a bottle of gas is at all times under pressure 
due to the atmosphere. Figure 57 shows that 
a bottle of gas standing on the laboratory desk 
really sustains a pressure equivalent to that 
of the air pressure. For exact measurement at a given time 
one has merely to read the barometer. 

69. How a Change in Pressure Affects Gas Volumes. 
Everyone knows that a rubber ball filled with air may easily 
be reduced in volume by squeezing or by pressure. Gases 
are very elastic, or "springy." If we increase^he pressure, 
the volume decreases, if the pressure is reduced, the gas 
expands. 

Robert Boyle, in experimenting with gases, was the first 
to make careful measurements to show the mathematical 
relationship between pressure and volume. (See Fig. 58.) 
He found, for example, that 1000 c.c. of gas under a pressure 
of 760 mm. of mercury would have its volume reduced to 
just one-half if the pressure upon it were doubled. Tripling 


Fig. 57.— 
The gas is under 
a pressure equal 
to that of one 
atmosphere. 
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the pressure reduces the volume to one-third the original 
volume. Boyle formulated the results of his experiments od 
what he called “the spring of the air” in a law that bears 
his name. Boyle’s Law: IJths temperature remains constant, 

the volume of a confined 
dry gas is inversely pro- 
portional to the pressure it 
sustains. 

Suppose we collect 200 
c.c. ‘of an insoluble gas 
over water as shown in 
Fig. 59, on a day when 
the barometer reads 740 
mm. We may let the 
graduated tube of gas 
stand until the next day. 

The barometer then 
reads 760 mm. What 
will have happened to 
the gas in the tube? It 
will have shrunk to 
of its former volume, 
or to a little less than 
195 c.c. If we let it 
stand another day, the 
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Peoblem. Given 500 c.c. of gas collected when the pressure is 
800 mm. What volume will the gas occupy at standard pressure, 
760 mm.? 

Solution. We note that the pressure has been decreased. 
Therefore, the volume will be increased. We must multiply 
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500 C.C., the original volume, by The new volume is 

526.3 c.c. In solving such problems, the student should ask 
himself the question ^^Has the volume been increased or de- 
creased?’' In this problem, the answer would be '^Increased.” 
Then the volume must be multiplied by 

I 'UV/C-'Wfjn. ■Kfxr^ie> 
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coordinates in turn, we locate the other points of the curve. 
By tracing a smooth line through all these points, we have a 
curve of inverse proportion. In all cases, we find that FP 
= a constant . A little practice makes it easy to interpret 
laws from curves. For example,. we observe that as the 
pressure is increased the point locating the curve is nearer to 
X Z', but farther from Y Yt 
Instead of solving Boyle’s Law problems by analysis, as 
exemplified in the preceding section, the formula VP = 
may be used. V and P represent the original volume and 
pressure respectively; F' and P' represent the new volume 
and the new pressure. Solving the same problem by sub- 


feu ftLead lev. fe.Irort Jlcu. ft Wood Icu. ft Cor A’ 



Fig. 61 , — The density, or weight per unit volume, varies. 


stituting in the formula, we get the equation, 500 X 800 
= F X 760. 

61. What Is Meant by Density? Suppose we have given 
blocks containing exactly 1 cu. ft. of each of the following; 
lead, iron, wood, and cork. If we weigh each one in turn, 
we find that the weights are decidedly different. (See 
Fig, 61.) Lead is dense and heavy; cork is exceptionally 
light. The weight of unit volume of a substance is called its 
density. The unit volume chosen for the English system is 
usually I cu. ft. ; in the Metric system, it is 1 c.c. Hence, 
density is expressed in lb. per cu. ft^ or in gm. per c.c. If we 
use the letter D to represent density and the letters W and 
F to represent weight and volume respectively, then we 
can find the density by dividing the weight by the volume. 
W 

D = — • From this formula it is obvious that the den- 
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sity of a given mass of material will be increased if it is 
compressed so that its volume is reduced. 

62. How a . Change of Pressure Affects the Density. Sup- 
pose we have given 1000 c.c. of oxygen gas measured at 
standard temperature and pressure. Its weight is 1.43 gm. 

If we compress this gas by doubling 
the pressure upon it, as shown in Fig. 
62, we merely crowd the total number 
of molecules into one half the space 
they formerly occupied. Of course 
the weight is still 1.43 gm., but the 
density of the gas has been doubled. 
Stated mathematically, the density of 
a gas is directly pi^oportional to the 
pressure it sustains. 

Since an increase in pressure in- 
creases the density of a gas, we shall 
have a greater weight of any gas if we collect 1 liter of it on 
a day when the barometer reads 760 mm. than we should 
if the barometer read only 750 mm. 

Pkoblem. One liter of hydrogen gas at S. T. P. weighs 0.09 gm. 
Find the weight of 5 liters of hydrogen gas collected on a day 
when the temperature is standard, but the pressure is 810 mm. 

Solution. Since the density is directly proportional to the 
pressure, one liter of hydrogen at a pressure of 810 mm. would 
weigh times as much as one liter collected at 760 mm. pres- 
sure. Henpe, X 0.09 gm. = 0.096 gm. Five liters of the gas 
at 810 mm. would weigh 5 X 0.096 gm., or 0.48 gm. 



Fig. 62. — Doubling the 
pressure squeezes the mole- 
cules more closely together. 


63, How a Change in Temperature Affects Gas Volumes. 
Every housewife knows that the heat of the oven will cause 
the gas set free by the baking powder in biscuits to expand 
and make the dough rise. The expansion per degree change 
in temperature is greater for gases than for either solids or 
liquids. To illustrate, mercury expands nearly 7 times as 
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much as glass, but any gas will expand nearly 20 times as 
much as mercury. 

Charles, a Frenchman, found that all gases have the same 
coefficient of expansion. If the pressure does not change, a 
gas measured at 0° C. will expand of its volume when 
heated to 1® C. If heated to 100° C., its volume would in- 
crease ItI of its former volume. If heated 273° C., it 
would expand or its volume would be doubled. 

If a gas measured at 0° C. be cooled 1° C., it will con- 
tract -jfg’ of its volume. Cooling to — 100° C. reduces the 
volume by iff. In other words, the gas volume would 
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Fig. 63 . — Comparison of Absolute and Centigrade 
Scales. 


shrink to iff of its original volume. If cooled to —273° C., 
theoretically the gas volume would be reduced to zero. In 
actual practice, all gases liquefy before that temperature 
is reached. In 1935, Dr. W. J. de Haas succeeded, by evap- 
orating frozen helium, in reaching a temperature within 
0.003 of a degree of absolute zero. 

64. The Absolute Temperature Scale. Because — 273° C. 
is believed to be the lowest possible temperature. Sir William 
Thomson (Lord Kelvin) invented the absolute scale of tempera- 
ture. At — 273° C. molecular motion is believed to cease, 
and a substance would be absolutely without heat. Thomson 
used this absolute zero^ — 273° C., as the zero on the absolute 
scale. Figure 63 shows a comparison of the Centigrade and 
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Absolute scales of temperature, and it also gives the cor- 
responding volumes- that a gas, which measures 273 c,c. at 
0° C., will have at the various temperatures shown. For 
example, at 20° C., or 293° A., the volume is 293 c.c. At 
- 100° C., or 173° A., the volume is 173 c.c. The volumes are 
directly proportional to the absolute temperatures. 

The Law of Charles may be stated as follows: If the 
pressure is constant^ the volume of a dry gas is directly propor- 
iiorml to the absolute temperature. In solving problems, the 
student must never forget to change Centigrade temperatures 
to absolute. This is done by adding 27S to the Centigrade 
temperature. For example, 40° C. equals 313° A. (40 + 273). 
Thermometers are not graduated to read absolute tempera- 
tures. The absolute scale was devised solely for use in solving 
problems of this kind. It eliminates the use of zero and minus 
quantities. It would be impossible to find volume changes by 
trying to make a proportion between the temperatures of 
-- 10° C. and 10° C. 

Problem. Given 500 c.c. of a gas measured when the tempera- 
ture is 10° C. What volume will the gas occupy at 10° C.?. 

Solution. -- 10° C. - 263° A.; 10° C. = 283° A. Since the 
gas was warmed from 263° A. to 283° A., its volume will expand to 
IM- of its original volume. HI of 500 c.c. == 538.0 c.c., the new 
volume. 

Or, we may substitute in the following formula: V : 

^ T:T\ 500 : V' = 263 : 283. Whence, F'= 538.0 c.c. Of 
course T and T' represent absolute temperatures. 

★ 65. Law of Charles Shown Graphically. Figure 64 shows 
a curve of direct proportion which represents the changes in 
volume a gas undergoes when heated. The absolute tem- 
peratures and volumes shown in Fig. 63 were used as co- 
ordinates in plotting this curve. The curve shows clearly 
that as one factor is increased the other is correspondingly 
increased. 
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Suppose we plot the curve AB, Fig. 65, using the volumes 
shown in Fig. 63 as abscissas, and the Centigrade tempera- 
tures as ordinates. If we produce the curve backward it will 
intersect the Y Y' axis at Z, a point equivalent to - 273° C., 
or to zero degrees Absolute. This furnishes a graphic illus- 
tration of the theoretical temperature at which all gases cease 
to have volume. A study of the figure also shows why 
Absolute temperatures rather than Centigrade must be used 
in solving problems involving the use of the law of Charles. 



Fig. 64. — Curve to represent law of 
Charles. 
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Fig. 65. — Curve to show abso- 
lute zero. 


In the similar triangles ZCD and ZOA^ we observe that 
OZ : CZ " OA : CD, Therefore OA and CD, the corre- 
sponding volumes, are proportional to OZ and CZ^ the 
Absolute temperatures. They are not proportional to the 
Centigrade temperatures. 

66. Correction of Volumes When Both Temperature and 
Pressure Change. Problems involving both temperature 
and pressure changes are very common. In solving such 
problems, it is possible to find the effect of pressure alone 
and then use that volume to find the effect of temperature. 
It is even simpler to combine both changes in one mathe- 
matical statement. 
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Problem. Given 500 c.c. of gas measured at 20® C. and 750 mm 
pressure. Find what volume the gas will occupy at 30® G. and 
760 mm. pressure. 

Solution. 20® C. = 293® A.; 30® C. = 303® A. 

Then, 500 X Ml = the volume corrected for temperature only. 

And, 500 X jM == the volume corrected for pressure only. 

Since both the temperature change and the pressure change 
occur simultaneously, we may combine the equations as follows: 

500 X ifl X flu = corrected volume. 

Note. The increase in temperature from 20® C. to 30® C. causes 
the gas to expand to Ml of its volume, and the increase in pres- 
sure reduces its volume by |M* 

The following formula may be used in solving problems of this 
PV P'V' 

type: — = In this formula, P, and T represent the 

original pressure, volume, and absolute temperature, respectively; 
PV F', and P' represent the new pressure, volume, and absolute 
temperature. 

Problem. Calculate the weight of one liter of oxygen measured 
at a temperature of 27® C. and at a pressure of 750 mm., if one 
liter of oxygen at S. T. P. weighs 1.43 gm. 

Solution. The new temperature is higher and the new pressure 
is lower than standard temperature and pressure. Both these 
changes would increase the volume, one by and the other 
by Mfr * But an increase in volume decreases the density (weight 
per unit volume). Therefore we multiply 1.43 gm. by ff| by 
fM to find the weight of one liter. The result is 1.28 gm. 

67, Factors that Necessitate a Correction in the Barom- 
eter Reading. Sometimes it is impossible to adjust the 
level of the water line in the gas measuring bottle to corre- 
spond with the level of the water in the pneumatic trough. 
Then, too, when gases are collected over water, some water 
will evaporate and remain mixed with the gas. Of course 
this water vapor exerts pressure, and the barometer reading 
does not show the true pressure which the dry gas sustains. 
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The calculations needed to make such barometer corrections 
are given in the Appendix. ■ 

SUMMARY 

Gases expand when heated and contract upon cooling. This is 
also true with most liquids and solids, but the amount of expan- 
sion or contraction for a given temperature change is less than for 
gases. The standard temperature for measuring gases is 0° C.; the 
standard pressure is equal to 760 mm. of mercury. This is equal to 
about 14.7 lb. per sq. in. 

Liquids rise in exhausted tubes because the pressure of the air 
on the surface of the liquid surrounding the tube pushes the 
liquid up the tube. The amount of such air pressure is measured 
by the barometer. It is equal to 760 mm. of mercury at sea level, 
a pressure great enough to balance a column of water 34 ft. high. 

The volume of a dry gas is inversely proportional to the pressure 
it sustains. This statement is known as the Law of Boyle, which 
may be stated algebraically as follows: FP == FT', or IT = a 
constant. 

Charles found that the volume of a gas is directly proportional 
to the temperature. The law may be stated as follows: 

T ; 7' = T : 

The following formula may be used to find the volume of a gas 

VP F'P' 

when both the temperature and pressure change: — = — 

This expression is often called the “Gas Law.” 

To convert Centigrade temperatures to Absolute temperatures, 
add 273 to the observed temperature on the Centigrade scale. 

QUESTIONS 

1. What causes liquids to rise in exhausted tubes? 

2. In stating Boyle’s Law, why is it necessary to speak of the 
“dry” gas? 

3. Name as many applications of Boyle’s Law as you can that 
you have observed in every-day life. 

4. Do you think it is possible for the temperature and the 
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pressure to increase in sucli a way that the volume of a given mas. 
oi gas would neither increase nor decrease? Explain. 

1 expression “pressure of one atmos- 

phere ? State Its equivalent m: (a) lb. per sq. in.; (6) gni ner 
sq. cm.; (c) mm. of mercury; (d) ft. of water ^ 

6. Explain exactly what is meant by saying that oxygen is 

(l€‘}lS€T "tililll 8jir, 

7. Is It desirable, from the viewpoint of the consumer, to have 

the gas meter in the basement or in the attic? To have the as. 
meter in a warm place or a cool one? ^ 

8. An automobile tire is inflated to 35 lb. pressure on a cool 
morning _Wi 1 the tire show a higher or lower pressure after W 
has stood in the sun for a few hours? 


PROBLEMS 
Group A 

of tnnn oT pressure is 820 mm. has a volume 

of 2000 C.C. hind Its volume at standard pressure 

2. A gas has a volume of 100 c.c. when the pressure is 65 cm 
What pressure w-il be needed to reduce the gas volume to 60 cm^ 

3. A liter \essel was filled with ffas wliAn , 

780 mm. What will be the new volume of tS 2. 

increased 20 mm.? ^ « 

42“ a* 21° C. Find its volume at 

6. A gas measures 150 c.c. at a temperature of — lf)° P w ^ 

its volume at 10“ C. (The student rnsv-r-f . 

1 , '■ ® “^uaent may be interested in tevimr to 

solve this problem by using Centigrade temneratm-e. T .1 

result reasonable?) i^emperatuies. Is the 

6. A gas has a volume of 180 c c j. 

Z £ 

7. Reduce to standard conditions: 1200 e c of »•<). nt qn° n 

and 800 mm. pressure. ' ' 

8. Reduce to standard conditions: 1500 c.c. of gas at - 20“ C 

and 700 mm. pressure. ^ ® “ 20 C. 
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9 . Reduce to standard conditions: 800 c.c. of gas at — 30° C 
and 780 mm. pressure. 

10. Given 100 c.c. of gas measured at 0° C. and 380 mm. pres- 
sure What will be the volume at 273° C. and 760 mm. pressure? 

11. A gas collected when the temperature is 18° C. and the 
pressure is 810 mm. measures 450 c.c. Find its volume the next 

day when the thermometer reads 24° C. and the barometer reads 
/45 mm. 


Group B 

12. A gas measures 250 c.c. when the temperature is 27° C. and 
the pressure is 775 mm. If the temperature is increased to 36° C. 
what pressure must be used to keep the gas at the same volumef 

13. One liter of oxygen weighs 1.43 gm. at S. T. P. Find the 
weight of one liter of oxygen when the temperature is 21° C. and 
the pressure is 720 mm. 

14. Two hundred and twenty-five c.c. of gas weigh 4.5 gm. 
when the temperature is 15° C. and the pressure is 78 cm. of 
mercury. Find the weight of 22.4 liters of this gas at S. T. P. 

16. A man has his gas meter in the basement, where the average 
pressure is 75 cm. of mercury. If he uses 2000 cu. ft. per month, 
how many cu. ft. would he need to use per month to get the same 
heat value, if he moved the meter to the attic where the average 
pressure is 74.5 cm.? 

16. A baker kneads 60 cu. in. of air into the dough for a loaf of 
bread at room temperature, 20° G. Assuming that 10% of the gas 
escapes during the baking, how many cubic inches of bread will be 

formed, if the oven temperature is 167° G.? 

17. A toy balloon has a volume of 1500 c.c. when it is filled 
with hydrogen at a temperature of 17° C., and it sustains a pres- 
^re of 750 mm. It rises to a height where the temperature is 
- 23° C. and the pressure is 300 mm. Calculate the volume of 
the balloon under the new conditions. 

18. A cylinder of gas holding 3 cu. ft. is filled when the tempera- 
toe IS 17° C. and the pressure used in filling is 40 atmospheres. 
Ihe cylinder bursts in a room where the temperature is 27° C,, 
and the pressure is one atmosphere. To what volume will the 
gas expand? 
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19. A room is heated from C. to 20® C. What fractional 
part of the air escapes? If the density of the air at 0® C. was 
0.00128 gm. per c.e., what will be its density at 20° C.? 

20. A gas measures 400 c.c. at a temperature of 25° C. and a 
pressure of 800 mm. To what temperature must the gas be cooled 
if its volume is reduced to 350 c.c. when the pressure is 760 mm.? 

SUPPLEMENTARY PROJECTS 

Prepare a report on the life and work of Robert Boyle or of 
Jacques Charles. 

Reference: Encyclopedia Britannica. 

Give an account of Galilei Galileo’s contributions to science. 

References: Raht, LB. , Makers of Scie7ice, Oxford University 
Press. 

Phillips, M., and Geisler, W. H., Glimpses into the World of 
Science. Heath. 

Low Temperature. See Reader’s Guide, 


CHAPTER 7 


WATER AND HYDROGEN PEROXIDE 

Vocabiiiary 

Calorie. The unit used in the Metric system for measuring heat. 

Stable. Not easiijr decomposed, as applied to compounds. 

Hydrate. A compound that contains water in its constitution. 

Hydrolysis. The decomposition of a compound by the action of 
water. 

Anhydrous, Without water. 

Dehydration. The process of removing water from a substance. 

Multiple. A number that exactly contains another number. 

A. WATER 

68. Water — the Most Abundant Compound. Water is 
not only one of our most abundant compounds, but it is also 
one of the most useful. We find water in the air in the form 
of water vapor. About three-fourths of the earth's surface 
is covered with water. Many of our foods, such as tomatoes, 
cabbage, watermelon, celery, cucumbers, etc., contain 90%> 
or more of water. Some of our foods that seem fairly dry 
contain 50% or more of water by weight. For example, 
bread is a little less and meat a little more than 50% water. 
The majority of our vegetables contain at least 75%, and 
milk contains about 88%. Our physiologies tell us that a 
man who weighs 140 lb. is composed of about 100 lb. of water 
by weight. 

69. Physical Properties of Water. Pure water is odorless 
and tasteless. Any odor or taste in drinking water is due to 
impurities dissolved in the water, either mineral matter, 
carbon dioxide, or other gases. The taste and odor of the 
water from some mineral springs is due to the presence of 
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such substances in considerable quantity. In thin layers 
water is colorless; deeper layers have a blue color, or a faint 

bluish tint.’^ 

At ordinary temperatures vrater is a liquid; it changes to 
ice at 0° C., or 32° F. As water solidifies, it expands slightly. 
The bursting of water pipes when they freeze is a common 
example that shows the force of such expansion. Ice has a 
density about 0.9 as great as that of water. One cu. ft. of 
water weighs 62.4 lb., but one cu. ft. of ice weighs only a 
trifle more than 57 lb. Om cubic centimeter of water, at 4° C., 
iveighs one gram. 

Under a pressure of one atmosphere (760 mm. of mercury), 
water boils at 100° C., or 212° F. The steam that is formed 
when one liter of water evaporates occupies about 1700 liters. 
A small quantity of water in our furnace supplies enough 
steam to fill the pipes and radiators all over the house. It is 
this expansive force that water exerts when it evaporates 
that gives steam its ability to run steam engines. If we re- 
duce the atmospheric pressure upon the water surface, water 
boils at a temperature heloxo 100° C. At the city of Quito, 
Ecuador, 9000 ft, above sea-level, water boils at about 90° C. 
If we lower the pressure to about 47 mm. of mercury, w^ater 
then boils at 37° C., or at body temperature (98.6° F.). All 
liquids boil at a lower temperature under reduced pressure. 
They also evaporate much faster in a partial vacuum. In 
the industries, vacuum pans are extensively used to facilitate 
rapid drying at moderate temperatures. In making con- 
densed milk, or in making powdered milk, the water in the 
normal milk is evaporated in a partial vacuum to increase 
the speed of evaporation and to prevent scorching the solids 
in the milk. (See Fig. 66.) 

70. Water Is Used as a Standard. W^ater is very 
abundant and it is quite easy to obtain water in a fairly pure 
condition. Hence it is used as a standard in graduating 
thermometers and in specify heat and specific weight determina- 



Fig. 66. After part of the water from the milk has beea evaporated, 
it enters a chamber which is kept under reduced pressure. As the milk 
solids collect on a rotating drum, they are scraped off and conveyed to 
liarrels or other containers. 


tions. When we use the term specific’’ in physics or chem- 
istry, we imply a ratio or comparison. For example, the 
specific weighty or specific gravity^ of a substance is that 
number which tells us how many times as heavy that sub- 
stance is as the same volume of water. For example, one c,c. 
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of water at 4^ C., the temperature at which water is most 
dense, weighs exactly one gram. One c.c. of mercury weighs 
13.6 gm. Therefore, mercury is 13.6 times as heavy as the 
same volume of water. The specific weight of mercury is 

^ ^ ^ . « . , , density of substance 

13.6. Specific weight = — - — r r- — : Water is used 

density of water 

as the standard for specific weight determinations for all 
■ solids and liquids. It is not satisfactory for determining the 
specific weights of gases. Either air or hydrogen is used as the 
standard for gases. 

Water heats slowly and it cools slowly. The climate in 
San Francisco is not subject to such great extremes of 
temperature as that of St. Louis. The water of the Pacific 
Ocean, warming slowly and cooling slowly, exerts a moderat- 
ing influence upon the climate of those cities on the Pacific 
Coast. We measure heat in calories. It takes one calorie of 
heat to raise the temperature of one gram of water one degree 
Centigrade. One calorie of heat is lost when one gram of 
water cools through one degree Centigrade. It takes one 
British Thermal Unit (Btu) of heat to warm one pound of 
water one degree Fahrenheit. The number of calories needed 
to raise the temperature of 1 gm. of any substance 1° C. 
compared to the number of calories needed to raise the 
temperature of 1 gm, of water 1° C. is the specific heat of that 
substance. For example, it takes only as many calories 
to warm a mass of iron V C. as it does to warm the same 
weight of water 1^=* C. Iron has a specific heat of only 0.112. 

71, Water Is the Best General Solvent. In the labora- 
tory we use many of our chemicals in solution. In nearly all 
cases water is used as the solvent. In fact, water will dis- 
solve more different substances than any other chemical. We 
ordinarily consider that the dissolving of a substance in water 
is a physical property. In some cases, a chemical action doubt- 
less occurs when the substance dissolves in water. There are 
no words in the English language to distinguish between 
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physical solution and chemical solution. Hence the term 
is often loosely used. 

72. Chemical Properties of Water. 1. Stability, We^ 
learned that Priestley split up mercuric oxide into mercury 
and oxygen by focusing the sun's heat upon the compound. 
We call mercuric oxide an unstable compound, because it is 
not difficult to decompose it. We might expect water, a com- 
pound of hydrogen and oxygen, to behave in a similar 
manner. But unfortunately we cannot draw such con- 
clusions in chemistry, and expect that because one oxide 
decomposes easily all other oxides will do the same. In fact, 
water . is so stable that less than 2% is decomposed at the very 
high temperature of 2000° C. When some elements combine 
chemically, tremendous quantities of heat energy are set free. 
(See Table 8 in the Appendix.) Such elements often unite 
with explosive violence. It takes a tremendous amount of 
energy of some type to decompose such compounds. Ele- 
ments that combine easily generally form stable compounds; 
those that are hard to combine generally form compounds 
that are unstable. 

2. Action with metals. In the preparation of hydrogen we 
learned that sodium, potassium, and calcium will decompose 
cold water. Magnesium decomposes boiling water, and such 
metals as iron, aluminum, and zinc interact with water when 
the metals are heated to a red heat. 

3. Actio7i with the oxides of metals. When metals are 
burned in air or oxygen, metallic oxides are formed. Many 
such oxides are insoluble in water, and they do not interact 
with water at all. Some of the active metals (see Replace- 
ment Series, page 76) form oxides that unite with water 
chemically and form hydroxides. We have already learned 
that sodium hydroxide in water solution acts like a base and 
has properties quite the opposite to the properties of acids. 
Such reaction is typical of the behavior of the soluble hy- 
droxides. Every student has probably seen a mason slaking 
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lime, although much of this work is now done at the plant 
where lime is manufactured. Quicklime is calcium oxide, 
CaO. When it is added to water, the following chemical 
reaction takes place; 

CaO + H2O -» Ca(OH)2. 

calcium oxide water calcium hydroxide 

The quicklime unites with the water chemically with the evo- 
lution of much heat. Metallic hydroxides are known to chem- 
ists as bases. The soluble active bases are called alkalis, 

4. Actioyi with the oxides of non-metals. When we burn 
carbon in air, carbon dioxide is formed. This gas will unite 
with water to form a compound known as carbonic acid. The 
equation follows: 

CO2 + H2CO3. 

carbon dioxide water carbonic acid 

This reaction is typical of the behavior of the oxides of non- 
metals. For example, the oxides of sulfur, phosphorus, and 
nitrogen unite chemically with water to form acids. 

5 . Hydrates. Many compounds dissolve in water. As the 
water evaporates, crystals of such compounds are formed. 
Copper sidfatCj or blue vitriol, for example, separates from 
such a water solution in the form of beautiful blue crystals 
that have the formula CUSO4.5H2O. The period here does 
not mean multiplied by,^^ but it indicates that five molecules 
of water have in some way rather loosely combined with one 
molecule of copper sulfate as it crystallized, 

CUSO4 + 5 H 20 :^ CUSO4.5H2O. 

copper sulfate water hydrated copper sulfate 

The double arrows indicate that the reaction is reversible. 
For example, heating hydrated copper sulfate (CUSO4.5H2O) 
to about 100*^ C. drives off all the water and leaves anhydrous 
copper sulfate (CUSO 4 ). The word hydrate means that the 
compound contains water; anhydrous means without water; 
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the processes are called hydration bhA dehydration respec- 
tively.- 

6. Water brings about chemical changes and acts as a cata- 
lyst. When water is added to baking powder a gas is evolved 
and chemical action begins immediately. In many cases no 
action between chemicals is apparent in the dry state. As 
soon as water is added, the action begins. The water appears 
to act as a general catalyst. In fact, some chemists maintain 
that a trace of moisture is a requisite for chemical action. 
Experiments have shown that 
perfectly dry hydrogen and 
oxygen do not explode when 
mixed and ignited. 

72a. Heavy Water. When 
heavy hydrogen unites with 
oxygen, the water that is 
formed is about 1.1 times 
as dense as ordinary water. 

Heavy water freezes at 
3.82° C., and boils at 
101.45° C. It is present in 
water in the ratio of about 
1 to 5000. Dr. Taylor finds 
that it is toxic enough to kill 
tadpoles in about one hour. 

73, Composition of Water 
by Volume. Under the prep- 
aration of hydrogen and oxygen, we learned that water may 
be decomposed by means of the electric current. If we collect 
both gases by the use of an apparatus like that shown 
Fig. 17, we shall find that 2 volumes of hydrogen are liberated 
to 1 volume of oxygen. The analysis of water always yields 
these elements in the same proportion by volume. 

Further proof that water is composed of hydrogen and 
oxygen in the proportion of two to one may be had by 


Fig, 67. — Eudiometer tube for 
measuring gases. 
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combining these elements to form water. Figure 67a shows a 
eudiometer tube arranged for collecting gases by mercury 
displacement. 

Suppose we introduce 20 c.c. of hydrogen and 10 c.c. of oxygen 
into the tube as shown in Fig. 676, and pass an electric spark be- 
tween the wires w and w'. The mixture explodes and water vapor 
is formed. As the vapor condenses, the mercury rises in the tube. 
No hydrogen or oxygen is left uncombined. If we start with 20 c.c. 

of hydrogen and 20 c.c. of 
oxygen, the explosion takes 
place as before, but 10 c.c. 

» of oxygen are left uncom- 
bined. If we use 30 c.c. of 
hydrogen and 10 c.c. of 
oxygen, then we have 10 
c.c. of hydrogen remaining 
uncombined. All attempts 
to make hydrogen and oxy- 
gen combine directly in 
any other ratio by volume 
than 2 to 1 result in failure. 


Thus it has been 
proven by both analysis 
nxid synthesis that, if all 
have the same tempera- 
ture and pressure, two 
volumes of hydrogen + 
one volume of oxygen 
-^two volumes 'of/iwaUr: 
vapor, 

74, Composition of Water by Weight. An American 
chemist, Edward William Morley, is well known for his very 
accurate work in determining the composition of water by 
weight. (See Fig. 68.) He weighed the hydrogen and the 
oxygen, and then the water that was produced by their 


Courtesy Western Reserve Unit* 

Fig. 68 . — Edward Morley (1838- 
1923) was born in Newark, N.J. At Wes- 
tern Reserve University, where he was 
Head of the Department of Chemistry, 
he performed his experiments on the com- 
position of water. 
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union. As a result of his experiments/he found that one part 
by weight of hydrogen combines with 7.94 parts by weight 
of oxygen to form 8.94 parts by weight of water. To weigh 
gases in a vacuum at standard conditions of temperature and 
pressure involves such refinement of apparatus and such care- 
ful manipulation that some indirect method of finding the 
composition of water by weight is more often used. The fol- 
^ lowing method was devised by Jean Dumas, a French chemist. 

A weighed quantity of copper oxide is placed in a hard 
glass tube, as shown in Fig. 69. Dry hydrogen is then passed 
over the heated oxide ; it reduces the copper oxide to metallic 



Fig, 69. — Composition of water by weight. 


copper, and unites with the oxygen to form water. The 
water thus formed is absorbed in a previously weighed tube 
containing granular calcium chloride. The copper oxide tube 
shows a loss of weight due to the abstraction of oxygen. The 
calcium chloride tube shows an increase in weight due to the 
absorption of water. Suppose we start with 23.8 gm. of 
copper oxide. After heating, it weighs 15.86 gm. The loss of 
weight, 7.94 gm., is the weight of the oxygen used to form 
water. The calcium chloride tube weighed 80 gm. before the 
experiment, and 88.94 gm. after its completion. The gain in 
weight, 8.94 gm., is the weight of the water formed: 7.94 
8.94 = 88.81, the per cent of oxygen. One gram, the 
weight of hydrogen which must have combined with the 
oxygen, divided by 8.94 equals 11.19% hydrogen. There- 
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fore, water is made up of 88.81% of oxygen by weight, and 
11.19% of hydrogen. It is approximately correct to say that 
1 gm. of hydrogen combines with 8 gm. of oxygen to form 
9 gm. of water. 

Here, again, we have found it possible to use both analysis 
and synthesis to show the composition of water. Hundreds 
of such analyses have been made, and the result is con- 
sistent. 

B. HYDROGEN PEROXIDE 

75. Hydrogen Peroxide, H2O2. We have learned that 
we always have two atoms of hydrogen combine with one 
atom of oxygen when hydrogen is burned. From a study 
of the formula for hydrogen peroxide, H2O2, one would sus- 
pect that it could be made by oxidizing water. But things 
are not always what they seem, and when one tries to burn 
water to form hydrogen peroxide, he always fails. It is 
possible to form such a compound by indirect methods. 

76. How Is Hydrogen Peroxide Prepared? The prefix 
^^per” means ^'thoroughly saturated with, as we use it in 
chemistry. Several peroxides can be prepared quite easily. 
If barium peroxide, BaOa, is treated with a cold dilute solu- 
tion of sulfuric acid (H2SO4) in water, a double decomposi- 
tion reaction occurs. The equation follows: 

Ba02 + H2SO4 BaS04 i + H2O2 

barium sulfuric barium hydrogen 

peroxide acid sulfate peroxide 

77. Properties of Hydrogen Peroxide. Pure hydrogen 
peroxide is a thick, syrupy liquid, about 1^- times as dense as 
water. The pure liquid is unstable, and it may explode 
violently. For that reason hydrogen peroxide is always sold 
in dilute water solutions. If such a dilute solution is kept in 
the dark, it will keep fairly well. Yet it is not uncommon to 
find the pressure produced by the gas formed as it decom- 
poses suflSicient to blow the stopper out of the bottle. One 
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bottle of - a 3% solution will yield 10 bottles of 
hence the expression “ 10 V.’' which is so often see 
label of the bottle. 

. From the equation, ■ 


we see that hydrogen peroxide forms nothing but water and 
oxygen as it decomposes. Chemists have learned that an 
element which is Just being liberated from a compound is 
especially active chemically. Under such conditions a?i element 
is said to be in its nascent {nasci, ^Ho be born'O state. Some 
chemists believe that such a single atom of oxygen can com- 
bine readily with some other substance. If no other substance 
is present, then two oxygen atoms combine to form a molecule 
of oxygen, O2. The ability of both ozone (O3) and hydrogen 
peroxide (H 2 O 2 ) to decompose and liberate nascent oxygen 
makes them extremely vigorous oxidizing agents. 

78. Uses of Hydrogen Peroxide. Oxidizing agents de- 
stroy the color of many organic compounds; they also kill 
bacteria. Hydrogen peroxide finds use in bleaching wool, 
silk, ivory, hair, and feathers. Its use for cleansing wounds 
has fallen into disfavor with certain physicians, since they 
claim that it attacks the tissues and causes the wound to 
heal more slowly. Either a tincture of iodine or a solution 
of merciirochrome is now more commonly recommended for 
sterilizing surface wounds. 


C. LAW OF MULTIPLE PROPORTIONS 

79. What Is the Law of Multiple Proportions? It is not 
at all uncommon to find that the same two elements unit^ in 
different proportions to form two or more compounds. The 
fact that 1 part by weight of hydrogen unites with 7.94 
parts by weight of oxygen to form water is an example of the 
law of definite proportions. The fact that 1 part by weight 


no 


WATER AND HYDROGEN PEROXIDE 


of hydrogen unites with 15.88 parts by weight of oxygen to 
form hydrogen peroxide is also an example of the same law. 
But we need another law or statement to explain the habit 
that such elements as hydrogen and oxygen have when they 
unite to form a series of com'pounds, 

John Dalton, the same man who formulated the Law of 
Definite Proportions, studied several series of compounds. 
Let us tabulate two of them with the approximate weights 
in which they combine : 


H 20 

1 gm. H and 8 gm. 0 

H 202 j 

1 gm. H and 16 gm. 0 


CO 

12 gm. G and 16 gm. 0 

CO 2 

12 gm. C and 32 gm. 0 


From these tables we see that in the compounds water (H 2 O) 
and hydrogen peroxide (H 2 O 2 ) the weight of hydrogen is 
fixed or constanty and the weights of ox^’^gen, 8 and 16, have 
the simple ratio of 1 to 2. In the second table we observe 
that in the compounds carbon monoxide (CO) and carbon 
dioxide (CO 2 ) the weight of carbon is fixed or constant, and 
that the weights of oxygen, 16 and 32, have the simple ratio 
of 1 to 2. The Law op Multiple Pkoportions may be 
stated as follows: 

Given two elements that unite to form a series of compounds; 
the weight of one elemerd, which we may call A,” may be 
considered fixed. Then the weights of the other element, B,” 
will be in the ratio of small whole numbers. This law is known 
as the Law of Multiple Proportions, because the weight of the 
oxygen in the hydrogen peroxide is 16, a multiple of the 
weight of oxygen in water, 8. In the second example, 32 is a 
multiple of 16. 

SUMMARY 

Water is the most abundant compound. It is present in the 
air, the ocean, and in nearly all our foods. 

Water is odorless, tasteless, and colorless. It freezes at 0° C. 
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and boils at 100® C. It is densest at 4® C.; at that temperature 
1 c.c. of water weighs 1 gm. One cu. ft. of water weighs 62.4 lb. 

Chemically, water is very stable. It unites with such active 
metals as sodium and potassium, liberating hydrogen. It com- 
bines with the oxides of metals and forms bases. It combines with 
the oxides of non-metals and forms acids. It forms many hydrates. 
It serves as a general catalyst. Dr. Urey was awarded the Nobel 
prize in 1934 for his research work with heavy water. 

By analysis it has been shown that water is made up of two 
volumes of hydrogen to one volume of oxygen. When these t'wo 
elements unite in the same ratio, water is formed. 

In a classical experiment, noted for its painstaking accuracy, 
Edward Morley showed that water is composed of one part by 
weight of hydrogen to 7.94 parts by weight of oxygen. 

Hydrogen peroxide finds use as an oxidizing agent; as a disin- 
fectant; and as a bleaching agent. An element just as it is set 
free from a compound is said to be in the nascent state. It has 
more energy at that time and is more active. 

The Law of Multiple Proportions may be stated: When two 
elements unite to form a series of compounds, if we consider a 
fixed weight of one element, “A,” then the weights of the other 
element, will be in the ratio of small whole numbers. 

QUESTIONS 
Gboup a 

1. Explain why water is so satisfactory in the hot-water 
bottle’^ for use in sick rooms. 

2. Why is it impossible to have pure water in nature? 

3. How are the solvent properties of water related to sanita- 
tion and cleanliness? 

4. Is steam visible? What is the so-called steam that issues 
from the spout of a teakettle? 

5. Why is hydrogen peroxide generally kept in dark-colored 
bottles? 

6. Make a list of the different ways in which we make use of 
water. Can you think of another compound that is so important? 
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7. In what ways are “vacuum pans'' used in the field of 
chemistry? 

8. What is the difference in meaning between “calorie’* and 
“degree"? Illustrate. 

Group B 

9. How would natural conditions be affected if water con- 
tracted during solidification? 

10. How does water moderate the climate of such a place as 
Honolulu? Does it produce a similar effect on the climate of 
Boston? Explain. 

11. Would water be of value in putting out a fire if the tempera- 
ture of the burning substance were 2500° C.? 

12. How would you proceed to determine the per cent of water 
in a sample of milk? 

13. Would vrater boil more quickly at the top of Pike’s Peak or 
in New York City? In wdiich place would vegetables cook faster? 
Explain. 

14. Why is the research work wdth heavy water that is being 
carried on now so very important? 

PROBLEMS 
Group A 

1. Suppose we mix 45 c.c. of hydrogen with 20 c.c. of oxygen 
and ignite the mixture. What gas remains, and wdiat is its 
volume? 

2. What gas is left after a mixture of 75 c.c. of oxygen and 
80 c.c. of hydrogen are ignited? What is its volume? 

3. Air is 21% oxygen. Twenty-five liters of air are mixed with 
4 liters of hydrogen and the mixture is ignited. HoW' many c.c. 
of gas are left? What gases will be left? 

4. The specific w^eight of concentrated sulfuric acid is 1.84, 
If you bought some sulfuric acid and found that it was only 
1.6 times as heavy as the same volume of water, what would you 
infer? 
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Geoup B 

5. Nitric acid has a specific weight of 1.4. Calculate the 
weight of one liter of nitric acid. 

6. How many grams of w’ater would be formed by burning 
23.82 gm. of oxygen in the presence of 8 gm. of hydrogen? How 
many grams of hydrogen would be left uncombiiied? Is it correct 
to speak of burning oxygen in this case? 

7. A man has a refrigerator with an ice compartment of the 
following dimensions: 18" by 15" by 12". How many pounds of 
ice will it hold? 

8. Given 600 c.c. of hydrogen measured at 24'" C. and 80 cm. 
pressure, and 300 c.c. of oxygen measured at — 50° C. and 780 mm. 
pressure. What gas is left after the mixture is exploded, and what 
is its volume at S. T. P.? 

SUPPLEMENTARY PROJECTS 

Prepare a report on the life and work of Edward Morley and 
of John Dalton. 

References: Moorii,F. J., History of Chemistry, McGraw-Hill. 

Encyclopedia Britannica, 

Heavy Water. See Reader’s Guide. 


CHAPTER 8 


SOLUTION AND CRYSTALLIZATION 

Vocabulary 

Solubility. The ratio of the weight of the solute to the weight of the 
solvent- 

Miscible. Liquids that are soluble in each other are said to be 
miscible. 

Effervescence. The commotion in a liquid produced by the rapid 
escape of a large number of gas bubbles. 

Efflorescence. The loss of water by crystals upon exposure to air. 

Deliquescence. The property some substances have of adsorbing 
moisture from the air and becoming wet. 

Hygroscopic. The property some substances have of adsorbing a 
thin film of moisture on their surfaces. 

Desiccator {desiccare, ^‘to dry up’^. An apparatus used in the 
laboratory to dry chemicals. 

A. SOLUTIONS 

80. Characteristics of a Solution. One of the most im- 
portant properties of water is its ability to dissolve certain 
substances. If we add a little sugar to water, the sugar 
gradually disappears. It goes into solution in the water, but 
it does not meltf as some incorrectly state. The liquid that is 
used to bring about solution is called the solvent The sub- 
stance that goes into solution is called the solute. Let us add 
a small crystal of potassium permanganate to a liter or more 
of water, and stir the liquid until the crystal has all dissolved. 
Every drop of this solution will have a reddish-purple tint, 
thus showing that in solution the particles are finely divided. 
If we put a drop of the solution under a compound micro- 
scope, we cannot see the small particles of the solute. 

If we stir our coffee until the sugar is all dissolved, a 
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spoonful from the top will be just as sweet as one taken from 
the middle or from the bottom of the cup. When a cold 
solution stands, the solute does not separate from the 
solvent. : 

A solution has the following characteristics: (1) It is ho* 
mogeneous, having the same nature throughout; (2) The 
particles of the solute are so very finely divided that they can- 
not he removed by passing the solution through a filter; (3) The 
solute does not separate from the solvent upon standing unless 
the temperature changes, or some of the solvent evaporates. 
Material suspended in a liquid tends to separate upon stand- 
ing. Thus we see that a solution is really a uniform mixture 
consisting of a solvent and the solute. 

The question whether solution is a ph3^sical or a chemical 
change is one upon which chemists are still in doubt. It 
seems reasonably certain that chemical action occurs in 
dissolving some compounds. In other cases the action ap- 
t pears to be physical. When water is the solvent, the solute 
often unites with it to form hydrates. In such a case this 
part of the action is doubtless chemical, but if the hydrate 
then dissolves in the excess water that is present, the action 
is probably physical. It is incorrect to say that metals dis- 
solve in acids. They interact with the acid to form a new 
compound, which may then dissolve in the excess water 
which was present in the acid. We always use water solu- 
tions of acids instead of pure acids. 

81. Saturated Solutions. Some substances dissolve easily 
in water and others are almost insoluble. Students are gener- 
ally surprised to hear one speak of the solubility of glass. 
Yet it does dissolve to a slight extent, as is true with nearly 
all substances. But substances that are so slightly soluble 
are generally classed as insoluble substances. 

Everyone knows that it is possible to dissolve in a cup 
of coffee one lump of sugar, two lumps, or even more. Such 
a solution is not a true compound, or it would be possible 
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to dissolve a definite amount only. When only one lump is 
dissolved in a large cup of coffee, the solution is rather 
dilute. As we continue to dissolve more and more sugar, the 
solution becomes more conceritrated. If we continue to add 
more sugar, stirring constantly, we finally reach a point 
where no more sugar can be dissolved unless we raise the 
temperature. When a solvent under such conditions holds all 
the solute it can^ the solution is said to be saturated at that 
ternperatiire. It is easier to make a saturated solution by 
adding to the solvent a considerable excess of the solute and 
then agitating the mixture at a constant temperature until all 
the solute has dissolved that will. 

82. What Is Meant by Solubility? Actual experiment 
shows that it is possible to dissolve 35.5 grams of common 
salt in 100 grams of water at 0° C. Other experiments show 
that it is possible to dissolve 13.4 gm. of potassium nitrate 
in 100 grams of water at 0® C., or to dissolve 3.5 grams of 
potassium chlorate in the same amount of water. The 
solubility of a substance may be expressed as the number of 
grams of solute needed to saturate a definite weight of sol- 
vent. See Table 4 in Appendix. Note that the temperature 
must be specified. The solubility of a substance may be defined 
as the ratio of the weight of the solute to the weight of solvent^ 
as applied to a saturated solution at a given temperature. 

83. Solvents and Solutes. 1. Solvents. There are many 
diffei'ent kinds of solvents used in chemistry. ¥/ater is the 
best solvent known, since more different substances are more 
or less soluble in water than in any other solvent. Other 
well-known solvents include the various alcohols, gasoline, 
ether, turpentine, and carbon tetrachloride. An alcoholic 
solution of a non-volatile substance is called a tincture. The 
name spirits is given to the alcoholic solution of volatile 
substances. For example, in pharmacy we have tincture of 
iodine, an alcoholic solution containing 7% of iodine; aromatic 
spirits of ammonia is an alcoholic solution of ammonia and 
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a volatile compound of ammonia, with some nutmeg and oil 
of lemon, 

2. Solutes, The solute may be a solid, a liquid, or a gas. 
When two liquids are mutually soluble in each other, they are 
said to he miscible. For example, water and alcohol are 
miscible in all proportions. We may also mix glycerine with 
water in any proportion we choose. It is well known that 
oily liquids do not mix with water. They are not soluble 
in each other; they are immiscible. 

When a small quantity of an oily liquid is vigorously 
shaken with water, the oil particles become finely divided 
and remain temporarily suspended in the water. Such a 
suspension, of an oily liquid in water is called an emydsion. 
Milk that is freshly drawn from the udder of the cow is a good 
example of an emulsion. When it stands the fat globules 
gradually separate from the water and rise to the top of the 
container. Several substances, known as emulsifying agents, 
are used to make emulsions more permanent. Gums have 
this property and are much used in making emulsions in 
pharmacy. In making mayonnaise dressing, egg yolks are 
used to make the olive oil emulsion more permanent. Greasy 
dishes are difficult to wash with water alone, because the 
water and grease do not mix. When soap is added to the 
water it serves as an emulsifying agent, and the soapy water 
forms an emulsion with the grease. 

We have already learned that air, oxygen, and hydrogen 
are somewhat soluble in water. Most gases are to some ex- 
tent soluble in water; in some cases several volumes dissolve 
in one volume of water. See Table 5 in the Appendix. 

84. How a Change in Temperature Afiects Solubility. 

1. Of Solids, The solubility of a solid depends upon three 
things: (1) The nature of the solid itself; (2) The nature of 
the solvent; and (3) The temperature. (See Fig. 70.) These 
curves show us at a glance that an increase in temperature 
increases the solubility of a solid. For example, we fiind that 
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only about 13 gm. of potassium nitrate will dissolve in 
100 grams of water at 0® C, ; if the water is warmed to 30° G., 
44 gm. will dissolve; at 70° C., almost 140 gm. of potassium 
nitrate can be dissolved in only 100 gm. of water. Table 6 
; in the Appendix shows us that most solids behave in a 
similar manner, but we note that there are a few exceptions. 
Calcium hydroxide, Ca(OH) 2 , and calcium sulfate, CaS 04 ^ 
are slightly more soluble in cold water than in hot water. 

2. Of liquids. Liquids mix rather more easily at higher 
temperatures. They are like solids from the fact that the 
mutual solubility increases as the temperature increases^ 
until the boiling point of one of the liquids is reached. 

3. Of gases. A glass of water drawn from the hot water 
tap often appears milky. As it stands, bubbles of gas (air) 
can be seen rising through the water. The air which was 
dissolved by the cold water has been driven out of solution 
by the heating of the water. This proves that air is less 
soluble in hot water than in cold. Other gases behave in the 
same manner. Their solubility decreases as the temperature 

j: increases. Boiling the liquid drives out of solution, or expels, 

all the gas that had been dissolved. Table 5 in the Appendix 
shows the variation in the solubility of different gases, and 
" also the fact that gases are less soluble at higher temperatures, 

86. Effect of Pressure on the Solubility of Gases. In 
making soda water, carbon dioxide gas is forced into the 
soda fountain under a pressure of from 5 to 10 atmospheres. 
Many soft drinks, or carbonated waters, are made by forcing 
■ » the carbon dioxide gas into the bottles under pressure. 

William Henry, an English chemist, learned that more gas 
can be dissolved in a liquid under an increase of pressure. 
Henryks Law may be stated as follows: The solubility of a 
gas in a liquid is directly proportional to the pressure at which 
the gas is supplied. When soda water is drawn from a 
fountain, the pressure upon it is reduced to only one atmos- 
phere. Much of the gas escapes with effervescence. 
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86. Speed of Solution. We may hasten tlie speed at which- 
a solid dissolves in three ways: (1) By stirring. Agitating 
the mixture brings fresh portions of the solvent into contact 
with the solute. (2) By powdering the solid. Since solution 
can occur at the surface of the solute only, powdering the 
solute will make it dissolve more rapidly, because the amount 
of surface is increased tremendously. (3) By heating. An 
increase in temperature not only increases the total amount 
that can be dissolved, but it also increases the rate at which 
it dissolves. 

87, Freezing Point and Boiling Point of Solutions. Those 
who live near the ocean know that salt water freezes at a 
lower temperature than fresh water. Sea water is a dilute, 
iinsaturated solution. When it begins to freeze, the pure 
solvent (water) solidifies, and the solute it had contained 
forms with the unfrozen part of the solvent a more concen- 
trated solution. This more concentrated solution has a still 
lower freezing point. It separates from the solute as it 
solidifies, leaving the remainder of the solution still more 
concentrated. This change continues until the solution that 
remains after successive freezings is saturated. A saturated 
solution of common salt, sodium chloride, has a constant 
freezing point, — 22^^ C. 

The student should keep in mind the fact that the wmrd 
“salt” as used in chemistry applies to a group of compounds, 
often formed by the interaction of a base and an acid. For 
example, all the compounds except the first of those listed 
in Table 6 of the Appendix are salts. Common table salt is 
only one of a group of salts of which there are hundreds. It is 
characteristic, not of salts only, but of solutes in general to 
lower the freezing poird of the solvent. 

A salt added to water raises the boiling point of the water. 
This is also characteristic of solutes in general; they raise 
the boiling point of the pure solvent. When we boil a solution 
containing a solute that is non-volatile j the solvent disappears 
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by evaporation. Thus the solution becomes more and more 
concentrated as the boiling is continued, until it finally be- 
comes saturated. In the meantime the boiling point of the 
sGlution gradually rises as the solution becomes more con- 
centrated. This method of making a more concentrated 
solution by reducing its volume is known as conceniration hj 
evaporation. 

When a solution of ammonia, which is a volatile solute, is 
boiled, the ammonia goes off into the air and the solute 
becomes more dilute. Such volatile solutes generally lower 
the boiling point, and the solution becomes more dilute as it 
is boiled. 

B. CRYSTALLIZATION 

88. Crystallization. If we continue to concentrate a solu- 
tion by evaporating the solvent, or if we cool a hot, saturated 
solution, some of the solute will separate from the solvent in 
the form of crystals. It is a characteristic habit of sub- 
stances, when they are thrown out of solution as solids, or 
when they change from the liquid to the solid state by 
freezing, to form crystals having some regular, geometric 
pattern. For example, crystals of common salt are cubes; 
alum and diamond crystals are octahedral. The shape that 
the crystal takes is peculiar to the substance; hence it is 
sometimes possible to identify a substance by the shape of 
its crystals. (See Fig. 71.) We are all familiar with the fact 
that water forms crystals upon freezing; molten sulfur, sugar, 
or iron will form crystals in a similar manner upon solidifying 
or freezing. 

Such substances as gelatine, glue, starch, and jelly do not 
form crystals. They belong to a class known as colloids^ as 
contrasted with the crystalloids. The colloids do not form 
true solutions; they form what are called colloidal suspensions. 
Such suspensions are more fully discussed in Chapter 29. 

89. Why Crystallization Is Important. The identification 
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Fig. 71. — Plate of crystals, a, Rubellite. h. Quartz crystal in matrix, 
c. Galena, d. Quartz crystals, e. Garnets on rock. /. Gypsum. 
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of substances by the shape of their crystals may be con- 
sidered one of the minor applications. Chemists purify 
substances by crystallization. Suppose we have some im- 
pure potassium nitrate which we wish to purify. We may 
dissolve the potassium nitrate in pure water and then 
evaporate part of the water. Crystals of potassium nitrate 
of quite a high degree of purity will separate from the solu- 
tion. If we filter out these crystals and redissolve them in 
pure water, we may recrystallize them and get crystals of a 
higher degree of purity than before. Such recrystallization 
is much used in chemistry to obtain pure chemicals. The 
liquid that is left after a '^crop^’ of crystals has formed is 
known as the mother liquor.’^ By evaporating it still 
farther, a second “crop’^ of crystals will be formed, but they 
will not be as pure as the first crystals. 

If the solution is stirred while crystallization is taking 
place, finer crystals are formed. Small crystals thus rapidly 
produced are generally purer than large crystals formed more 
slowly, because the latter are more apt to have incorporated 
in them some of the mother liquor. If crystals that contain 
water thus mechanically held are heated they decrepitate. 
Steam is formed within the crystal and its expansion causes 
the crystal to burst open with a snapping sound. 

Even when two different substances are present in a solu- 
tion, they can sometimes be separated by fractional crystal- 
lization. When the solvent is evaporated, the less soluble 
substance will crystallize first, and it may be separated from 
the “mother liquor’^ by filtration. 

If one looks over a stock of chemicals, he will find many 
different terms used to indicate the purity of the different 
chemicals. Some low-grade material is marked “commer- 
cial,” or technical.” Purer chemicals may be marked 
“pure,” “recrystallized,” “U. S. P.,” “highest purity,” 
“crystallized from alcohol,” and “C. P.,” or “chemically 
pure.” Unfortunately, absolute purity is impossible. Many 
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manufacturers of chemicals now send out “ Analyzed Chem- 
icals/^ in which the analysis is printed on the label. Then the 
chemist can tell just what impurity is present and in what 
quantity. (See Fig. 72.) 

★ 90. Supersaturated Solutions. Let us add about 50 gm. 
of sodium thiosulfate, or what is commonly called ^^hypo’' 
in photography, to 10 c.c. of water and try to dissolve all of 


it at room temperature, about 20° C. Not all of it will 
dissolve. If the temperature is raised to 70° C., all of it wiU 
go into solution. We have just learned that usually crystals 
are formed when a saturated solution cools; but if we cool 
to room temperature the solution of “hypo” which we have 
just made, no crystals will be deposited. Such a solution is 
said to be supersaturated. It holds more solute than would be 
needed to saturate it at room temperature. Some substances 
readily form supersaturated solutions, but others show such 
tendency to only a slight degree. 

We can show that a supersaturated solution is in a kind 
of unstable condition by dropping a small crystal of “hypo” 
into the supersaturated solution we prepared. This crystal 
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— The analysis is sometimes printed on the label of the bottle. 
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serves as a nucleus around which crystals of “hypo ^^ im- 
mediately begin to form. Crystals continue to form, and 
heat is evolved, until we have left a solution, saturated at 
room temperature. Stirring a supersaturated solution, or 
scraping the inside of the containing vessel with a glass rod, 
will usually cause a supersaturated solution to crystallize. 

91. What Is Meant by Water of Crystallization? In our 
study of water, we learned that it would combine with some 
crystals to form hydrates. We found that one molecule of 
copper sulfate would unite with five molecules of water to 
form a molecule of hydrated copper sulfate, CUSO 4 . 5 H 2 O. 
Water held in this manner by ciystals is called water of 
crystallization. It is not to be confused with water held 
mechanically by a crystal, as discussed in Section 89. The 
fact that the crystals always hold a definite proportion of 
water is evidence that the water of crystallization is chemi- 
cally combined with the salt itself. 

A sodium carbonate molecule crystallizes with 10 molecules 
of water to form the crystallized salt, NaaCOs. IOH 2 O. The 
water forms about 63% of the total weight of the crystal. 
The formula for crystallized sodium sulfate, Na 2 S 04 . IOH 2 O, 
shows that ten molecules of water unite with one molecule 
of sodium sulfate as the latter crystallizes. Many other 
salts form hydrates, but there are a large number that never 
do. Sodium chloride, potassium chloride, and potassium 
chlorate do not contain water of crystallization. 

If we heat a small crystal of copper sulfate in a test tube, 
the blue color and the glassy luster of the cr^'stal will dis- 
appear as it slowly crumbles to a grayish white powder. 
The water that is driven off from the crystal collects on the 
cool walls of the tube. Such removal of water from a crystal 
is called dehydrationj and the white powder that is left is 
anhydrous copper sulfate. This powder may be used as a 
test for water. When water is added to anhydrous copper 
sulfate, the color changes from white to blue. 
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92. What Is Emorescence? Some crystals hold ^ 
water of crystallization so loosely that they lose a part or all 
of their water without being heated. A crystal that loses its 
water of crystallization when exposed to the air at ordinary 
temperature is said to be efflorescent. If we put on a scale 
pan a few freshly prepared crystals of sodium sulfate or so- 
dium carbonate, and put enough shot on the other pan to 
counterpoise them, the crystals show a loss of weight after 
a few minutes’ exposure. Water is given off and the crys- 
tals lose their luster, crumbling to a powder. Efflorescence 
occurs more readily in a very dry atmosphere than during 
damp rainy weather. 

93. What Is Deliquescence? Let us place a few crystals 
of calcium chloride, CaCL, on a watch glass. Then we may 
counterpoise this glass on a balance as described in the 
preceding section. After a half hour, we shall find that the 

crystals are gaining in weight. If 
we examine them carefully we fiiid 
that they are also becoming moist, or 
even wet. Some crystals have the 
property of taking moisture from the 
air upon exposure, and even of dis- 
solving in the moisture thus ad- 
sorbed. This property is called 
deliquescence. It is much more pro- 
nounced in damp, humid weather. 

Some crystals, such as sodium 
chloride, or common table salt, at- 
tract moisture from the air and a 
slight film of moisture collects bn 
their surfaces. They are said to be 
hygroscopic. Common table salt usually contains magnesium 
chloride, MgCh, as an impurity. This salt is deliquescent 
and becomes wet in damp weather, thus causing the table 
salt to ^‘pack.” Pure sodium chloride is not deliquescent. 



Fig. 73. — The material 
in the crucible is dried in 
the desiccator. 
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Deliquescent substances are used extensively for drying 
other substances. In the experiments on reduction and on 
determining the composition of water, the hydrogen was 
dried by passing it through a tube filled with calcium chloride, 
a deliquescent substance. The water formed in the latter 
experiment was adsorbed by the same compound. Figure 73 
shows a desiccator used for drying compounds in the labora- 
tory. The lower compartment is filled with deliquescent 
crystals. 

SUMMARY 

A solution is a mixture consisting of a solvent and the solute. 
It has the following characteristics : 

1. A solution is uniform throughout, or homogeneous. 

2. The particles of a solution are so small that they cannot be 
removed by filtering. 

3. The solute does not separate from the solvent upon standing. 

The solubility of a substance is the ratio of the weight of solute 

to the weight of solvent, when the solution is saturated. 

If the amount of solute is small compared to the amount of 
solvent, the solution is dilute. In a concentrated solution the 
weight of solute in the solvent is large. 

In a saturated solution, the solvent holds all the solute it can at 
that particular temperature; the concentration is at its maximum. 

Water is the most common solvent, although other liquids are 
often used. The solute may be a solid, a liquid, or a gas. Two 
liquids that are mutually soluble are said to be miscible. 

In general, an increase in temperature increases the solubility 
of a solid. An increase in temperature decreases the solubility of 
a gas. The solubility of a gas is increased by an increase in 
pressure. This statement is known as Henryks Law. 

The speed of a solution may be hastened: (1) Bij stirring; 
(2) By raising the temperature; (3) By powdering the solute. 

Solids dissolved in a solvent raise the boiling point of the pure 
solvent and lower its freezing point. Gases dissolved in a solvent 
generally lower the boiling point of the solvent. 

The cooling of a hot saturated solution, or the evaporation 
of a part of the solvent, will cause the separation of the solvent 
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in the form of crystals. The form of the crystal aids in its identi- 
fication. Chemists use recrystalUzation as a method of purifying 
chemicals. 

Water interacts with certain salts when they crystallize, thus 
forming hydrates. Hydrates lose their water of crystallization when 
they are heated. Hydrates that lose their water of crystallization 
on exposure to the air at ordinary temperature are said to be 
efflorescent. 

Substances that take water from the air and become wet or 
dissolve in the water thus absorbed are said to be deliquescent. 
Deliquescent substances find use in drying moist substances. 
They are used in the laboratory in desiccators. 

QUESTIONS 
Group A 

1. How would you proceed to make a saturated solution of 
common salt? 

2. When emulsions are used as medicines, the bottle should be 
thoroughly shaken before using. Explain. 

3. Why do soda fountains sometimes burst or explode? 

4. Account for the rapid effervescence when a glass of '‘soda 
water is drawn from the fountain. Why do bubbles of gas 
continue to arise from the liquid if it stands for a time? 

6. Why do vegetables cook faster in a strong salt solution 
than they do in fresh water? 

6. Why should bottles of calcium chloride be kept tightly 
stoppered? 

7. Small open bottles containing calcium chloride are often 
placed inside the cases of clocks, electrical machines, and chemical 
balances. What is their use? 

8. What is the meaning of the expression "concentrate by 
evaporation^’? 

9. How does leaving a bottle of "tincture of iodine” un- 
stoppered affect its concentration? What bad results may come 
from such carelessness? 

10. How does the addition of soap to dishwater aid in die 
cleansing process? 
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11. What physical principles are involved in the making of 
anti-freeze solutions for automobile radiators? 

12. Explain why the first ^‘crop” of crystals obtained during 
the crystallization of a solute is purer than those formed sub- 
sequently. 

13. In what two ways may salt be obtained from the water of 
Great Salt Lake? 

14 . What principles are used in the processes of dry cleaning? 

15 . Calcium chloride is used in considerable quantities to 
sprinkle over dusty roads. Explain how it is useful in preventing 
clouds of dust. 

Group B 

10. If you were given a solution of sodium thiosulfate (hypo), 
how would you proceed to determine whether it was unsaturated, 
saturated, or supersaturated? 

17. If you were given a solution containing both sodium 
chloride and potassium nitrate, how would you separate the two 
salts? Refer to the solubility curves, page 118, and explain 
whether the method you suggest would be suitable for use at a 
temperature of from 25° C. to 30'' C. 

18. Why do crystals of sugar often form in jellies or preserves 
that have stood a long time? 

19. How does a solution differ from a chemical compound? 

20. Would you prefer to buy crystals of washing soda (sodium 
carbonate) that had been kept in stoppered or in open boxes, if 
the price per pound were the same? Explain. 

21. What two tests may show that a compound is water? 

22. How is Henry's Law very much like the Law of Boyle? 

23. If 100 gm. of water are saturated with potassium bromide 
at 100° C., and then cooled to room temperature, how many 
grams of potassium bromide will crystallize from the solution? 

24. Explain why gas bubbles accumulate on the inside surface 
of a glass of ice water which stands in a warm room. 

SUPPLEMENTARY PROJECT 

Write a paper of about two hundred and fifty words on ''The 
Importance of Solutions." 


CHAPTER 9 


PURIFICATION OF WATER ~ HARDNESS 

Vocabulary 

Algae. Sea-weeds, living in either fresh or salt water. 

Coagulum. A bulky mass of precipitate. 

Distillation. A process of purifying liquids by evaporating them and 
then condensing the vapor. 

Filtration. The process of straining out solid matter held in suspen- 
sion by a liquid. 

Pathogenic. Causing disease. 

Zeolite. A mineral that is capable of softening hard waters by 
exchanging its sodium for calcium. 

Sludge. A slush or scum. 

94. Water Usually Contains Impurities. Since water is 
such a good solvent, and no substance is absolutely insoluble, 
it is practically impossible to obtain pure water. The im- 
purities present in water may be held: (1) in suspension; 
(2) in solution. Because of its buoyant effect water holds 
material in suspension. When water is in motion, upward 
currents are more or less prevalent. Thus it is possible for 
running water to carry more material in suspension. The 
amount of material water can carry depends upon the size 
of the particles and upon their density; it also increases as 
the velocity of the water is increased. When water stands 
quietly, all the matter it holds in suspension drops as sedi- 
ment unless the matter has a density less than that of the 
water itself. 

Rain water has very little matter in solution. It is soft 
water. Ground water contains considerable mineral matter 
in solution, since water is such a good general solvent. Water 
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that contains more than 50 parts of mineral matter dissolved 
in 1,000,000 parts of water is classed as hard water. Very 
hard water has over 100 parts per million. Some especially 
hard waters have 400 parts of mineral matter per 1,000,000. 

95. Kinds of Impurities. Impurities in water are classed 
as: (1) organic; (2) inorganic, or mineral. Organic matter 
consists of bacteria, sewage, and other forms of animal 
and vegetable matter in various stages of decomposition or 
decay. As plants and animals decay, ammonia is formed. 
This ammonia is slowly oxidized first to nitrites and then to 
nitrates. The presence of more than a trace of ammonia, 
nitrites, or nitrates in drinking water indicates sewage con- 
tamination, or that the water is unwholesome. Much organic 
matter in water renders it unfit for drinking purposes, since 
such matter, though often harmless in itself, forms a breeding 
ground for all kinds of bacteria. 

Either harmless or disease-producing bacteria may be 
present in drinking water. Epidemics of typhoid fever, 
dysentery, and cholera have often been traced to contami- 
nated water supply. Typhoid fever has been nearly stamped 
out in cities where proper methods of purifying the water 
supply have been installed. During the Spanish- American 
War in 1898 typhoid fever caused the death of more soldiers 
than did the Spanish bullets. But better methods of securing 
sanitary drinking water were introduced before the World 
War began. Hence very few men died from typhoid fever. 
In the summer of 1898 the death rate from typhoid was 897 
per 100,000 men. During the summer of 1918 it was only 
3.3 per 100,000 men. 

The nature of mineral matter in solution in water depends 
upon the composition of the soil and rock through which 
the water flows. Compounds of calcium, magnesium, sulfur, 
and iron are among the most common substances found in 
hard water. Since calcium compounds are found in the 
bones and teeth, their presence in water that is to be used for 
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drinking purposes is thought by some doctors to be desirable. 
Other doctors claim that mineral matter from hard water is 
not assimilated by the body at all. 

96. Methods of Purification. Matter in suspensio7i may 
be nearly all removed from water by three common me- 
chanical processes: (1) by sedimentation; (2) by sedimentation 
with coagulum; (3) by filtration. 

Organic matter is generally to a greater or lesser degree 
destroyed by the use of one or more of the following processes : 
(1) aeration; (2) light; (3) ultra-violet rays; (4) boiling; 
(5) freezing; (6) the use of chemicals. 

Volatile matter is driven off when water is boiled, but 
non-volatile matter in solution can be removed only by 
distillation. 

97. Why Cities Have Water Problems. In the country a 
farmer can get a supply of pure water by drilling a well deep 
enough to get water that has not been contaminated. Of 
course his well must be walled so that surface water cannot 
flow into it. If it is down in the valley, it must be protected 
against drainage from the stables or barns. 

But as a city increases in size, the problem of securing an 
adequate supply of wholesome water becomes increasingly 
difficult and costly. Large areas must often be bought by 
the city, and the water in the lakes or streams within such 
area must be kept as free from organic refuse as possible. 
Of the methods of purifying water named above, filtration is 
most often used, either alone or in combination with other 
methods. If the water is roily it first goes to settling tanks or 
reservoirs. 

98. What Is Meant by Sedimentation? Running water 
may carry considerable material in suspension either by 
rolling it along near the bottom of the stream or by carrying 
it nearer the surface by upward water currents. When such 
water is permitted to flow into settling basins or tanks, it 
soon loses nearly all the matter carried in suspension, since 
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gravity causes it to be deposited as sediment. Such sedi- 
mentation tanks or basins are used as a treatment of water 
preliminary to filtration. 

99. How Coagulum Aids Sedimentation. When the par- 
ticles of matter carried in suspension are ver^'’ small, they 
settle slowly. Their deposition may be hastened by the use 
of some chemicals that will form a bulky precipitate, known 
as coagulum. As the precipitate settles, it then carries down 


PhoU) by WetUin 

Fig. 74. — The jar at the left shows the turbid water to which the 
coagulum has been added. The water at the top of the jar at the right 
becomes clear as the mass settles. 


with it the small particles held in suspension. If we add to 
some aluminum sulfate, Al 2 (S 04 ) 3 , a little slaked lime, 
Ca(OH) 2 , the two will interact and form aluminum hy- 
droxide, A1(0H)3, and calcium sulfate, CaS 04 . The reaction 
is one of double substitution: 

Al 2 (S 04)3 + 3Ca(OH)2 2A1(0H)3 i + 3 CaS 04 i . 

The aluminum hydroxide that is formed is a bulky, gelati- 
nous precipitate, and the calcium sulfate is rather heavy. 



Fig. 75. — Filtration beds showing connection with water mains. 

aluminum sulfate and makes the addition of the slaked lime 


unnecessary. 

100. Filtration Is an Important Method of Purifying 
Water. If water is permitted to trickle through sand, the 
impurities that are held in suspension are strained out. 
This is a natural method of purifying some spring waters. 
The bacteria and the organic matter are destroyed by oxida- 
tion. The efficiency of natural sand filtration depends upon 
the nature of the soil, and upon the distance the water travels 
through uncontaminated soil. A sandy or gravelly soil is 
best. If a well is in a valley, and nearby houses and. stables 
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Both sink to the bottom, carrying matter in suspension in 
the water along with them, and leaving the water very clear. 
(See Fig. 74.) A considerable per cent of the bacteria present 
in the water is enmeshed and carried down with such a 
coagulum. Ferrous sulfate is sometimes used instead of the 
sulfate of aluminum. In waters that are moderately hard, 
the mineral matter in the water itself interacts with the 
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are situated on higher ground, the soil through which the 
water percolates may become contaminated with pathogenic 
bacteria. Filtration through such a soil becomes a menace. 

Slow sand filters. City water is often filtered through 
layers of sand and gravel acres in extent and several feet 
thick. Layers of charcoal may be used between the sand 
and gravel to remove coloring matter and gases having dis- 


Fig. 76. — A portion of the same filtration beds filled with sand ready 
for filtration. 


agreeable odors. At the bottom the filtered water collects ia 
tile drains which transmit it to the city mains. (See Fig. 75.) 
A gelatinous layer soon collects on the top, thus aiding the 
purification, partially because of more perfect filtration and 
partially because microorganisms that destroy bacteria col- 
lect in this layer. As the rate of filtration becomes more 
and more retarded, it is necessary to scrape off this surface 
layer occasionally. These filtration plants are expensive to 
install, since they should be covered to prevent freezing. (See 
Fig. 76.) Then, too, certain green water plants known as d- 
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gae grow in reservoirs in the presence of sunlight. They are 
sometimes called “pond-scum.’’ Some algae secrete an oil 
that gives to the water a fishy or pig-pen odor and a disagree- 
able taste. 

Mechanical Filters, Mechanical filters are rapid sand 
filters that are generally used with coagulation systems. 
The water is run into large tanks and treated with the 



chemicals as in the coagulum method described above The 
partially clarified water is then strained rapidly through the 
sand and gravel layers in the mechanical filter. Figure 77 
shows a mechanical filter of the gravity type. 

In Fig. 78 a pressure filter is shown. When mechanical 
filters need to be cleaned, water is forced through them in the 
reverse direction, the impurities being carried into the sewer 
with the wash water. The revolving rakes shown in the 
figure aid the cleansing process by breaking up the bed of 
filtering material. 

101. Household Filters. Many persons have the idea 
that a bag of charcoal tied over the faucet or pump-spout 
will jSlter out all impurities. Such a filter is worse than use- 



is similar in construction. The same 
company makes an army type filter 
with which water from a stream may 
be filtered by the use of a small port- 
able pump 

102. The Importance of Aeration. 
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less since it soon becomes clogged and forms a breeding place 
for bacteria. In the Pasteur filter ^ however, the water is 
forced under pressure through a cylinder of imglazed por- 
celain. The bact 63 ria 
Q— ' — I other impurities 

- collect on the out- 

\ side of the porcelain, 

Li which should be 

cleaned frequently 
sterilized by 
I \ ' ‘ ‘ ' *■ heating to about 

L;-: lio^c. The Serke- 

filter (Fig. 79) 


Only surface water comes into contact ^ ^ 

y r. XI • XT 71 XI. 79.~~Porcelain filter. 

With the oxygen of the air. When the 

water is agitated fresh portions are brought to the surface. 

In some reservoirs fountains have been installed which cause 

the water to spout up into the air and flow back over a large 


Fig. 78. 


— Mechanical filter of the pres- 
sure type. 



Beam of 
White Light, 
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surface in thin layers. In some cases compressed air bubbles 
up through the water in the reservoir. In stiU other cases 
aeration is accomplished by letting the water flow over a 


Fig. 80. — Purification of water by aeration. 


series of cascades as it enters the reservoir. Aeration oxidizes 
organic matter and some of the bacteria are destroyed. Gases 

having disagreeable odors 
are also removed by this 
method of purification. 
(See Fig. 80.) 

103. Light Helps to De- 
stroy Bacteria. Sunlight is 
useful in destroying bac- 
teria. It is not very val- 
uable for water purification, however, since it does not 
penetrate the water to a very great depth. Thus only the 


^^InfraRed (Heat) 

ell<w 

Ultra-violet''^ Violet 

(Chemical Effect) 


Fig. 81. — A prism separates white 
light into its seven colors. 
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teria. ii the sun's I 
rays are passed I | 
through a prism and I 

allowed to fall upon ' 1 
a screen, we can see 1 
a band of colors. (See I 
Fig. 81.) A ther- 
mometer placed just ^ 
beyond the red f 
shows that heat rays I ; 

are present, although r":; : , - 
we cannot see them. 

A photographic plate ; 
placed just beyond 
the violet is darkened ^ 

by rays which are > : 

invisible, but very ^ 2 . 

active chemically. 

These rays are known as ultra-violet light. They are very 
active in destroying bacteria. They can be prepared arti- 
ficially by the use of incandescent mercury vapor inclosed in 
a quartz tube. They do not pass through ordinary glass 
readily, but special glass is now being made that transmits 
ultra-violet rays fairly well. Figure 82 shows a phantom 
view of an ultra-violet sterilizer. Victor Henri showed that 
water exposed ,to ultra-violet light as it flows quite rapidly 
through the apparatus is rendered practically free from 


Phantom view of a water sterilizer. 
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bacteria. Unfortunately quartz tubes have been ¥ery ex- 
pensive. It is to he hoped that the new glass will prove 
satisfactory, so that ultra-violet rays may be used not only 
to sterilize water for drinking purposes and swimming 

pools, but that our elec- 
" — ^ bulbs that supply 

socket lamp that may 
be used to produce ultra- 
violet rays. Special 
glass is used in making 

Fig. 83 . — The small tungsten fila- fh/i K IK 
ment becomes hot and the globule of DUID. 

mercury at the bottom of the bulb is 105. Boiling Destroys 
vaporized. The arc of mercury vapor -n • vr r i 
emits ultra-violet rays. Bacteria. Very few bac- 


Gourtesy of General Electric Co, 
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Of course boiling is impractical for large-scale purification. 
It should be practiced, however, when the water supply is 
low in dry weather, and when one must drink water of 
doubtful purity. After water is boiled it has a flat taste. 
It becomes more palatable if it is thoroughly aerated after 
the boiling. 

106. Freezing Destroys Some Bacteria. Many bacteria 
are destroyed at the temperature at which water freezes. 
Therefore ice is purer than the water from which it was 
obtained. Ice for use in foods should always be made from 


Fig. 84. — Rows of liquid chlorine cylinders. 


pure water, because some bacteria can resist the freezing 
temperature. 

107. Chemicals Used to Purify Water. Several different 
chemicals are used in water purification. Generally they 
are used in connection with one or more of the other methods. 
The use of chemicals affords the cheapest and surest method 
of destroying bacteria. The following find use: 

1. Ozone. Under the study of ozone, its use in water 
purification was mentioned. Since it leaves nothing in the 
water but oxygen, it is satisfactory and efficient. It is 
difficult to make ozonizers that give a satisfactory yield of 
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ozone. This fact alone prevents a more extensive use of 
this gas for water purification. 

2. Chlorine. Probably no chemical is so widely used to 
purify water for drinking purposes and in swimming pools 
as chlorine. This gas is easily liquefied and it is inexpensive, 
since it is made from common table salt, sodium chloride 
(NaCl). (See Fig. 84.) The chlorine gas may be released 
from such cylinders directly into the water. 

3. .Silver. The Congressional Country Club has installed 
a device for sterihzing a 150,000-gallon swimming pool with 
metallic silver. Less than one ounce of finely divided silver/ 
will destroy the bacteria in 1000 tons of water. 

4. Copper sulfate. No chemical seems to be so effective in 
keeping city reservoirs free from algae as copper sulfate. 



Fig. So. — Laboratory apparatus for purifying liquids by distillation. 


It is also very active as a germicide. It is claimed that so 
small a quantity as 1 part in 10,000,000 parts of water will 
destroy the bacteria that cause typhoid fever. Used in small 
quantities, it is very satisfactory as a purifier. 

108. How Water Is Freed from Impurities in Solution. 
In all the methods we have discussed for purifying water, 
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we have considered only impurities held in suspension. From 
the standpoint of health, they are most important, since they 
aim. to remove bacteria or to destroy them. If water con- 
tains mineral matter dissolved in it that makes the water 
poisonous or injurious to health, another source of supply 
must be found. Distillation is the only method in use for 
obtaining water free from matter in solution. This process, 
however, is too expensive to be used on a large scale. Dis- 
tilled water finds its chief uses in making ice, for filling storage 
batteries, and in certain chemical industries. 

1. Distillation. In the laboratory we may distil water by 
using a flask with a side neck as shown in Fig. 85. The 
water to be distilled is placed in the flask and boiled to 
convert it into vapor. The 
condenser consists of two con- I*™* 
centric tubes, through the 
outer of which cold water flows f \ yfl 
continuously. The vapor from 
the distilling flask passes 
through the inner tube and 
it is there cooled and con- ^ 
densed to a liquid by the cold ^ 
water flowing around it. The 1 

distilled water is collected in | 

the receiver. 

Water may be obtained in 
a reasonajbly pure state by 
distillation. Since any gases 
or volatile matter will readily 
be driven off by the heat, the 
first portion of the distillate should be rejected. T1 
volatile matter remains in the distilling flask. Fi| 
shows one type of continuous action still. The wal 
is used for condensation later flows into the still, 
is somewhat preheated by the heat of condensation, 


- A continuous action 
water still. 
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The student should not get the idea that distillation is used 
only for the purification of water. It is extensively used in 
purifying other liquids. In fact practically any liquid that 
does not decompose at the temperature of its boiling point 
may be purified in this manner. We define distillation as a 
process consistmg of evaporation and subsequent condensation. 

2. Fractional distillation. Liquids that have different boil- 
ing points may usually be separated hj fractional distillation. 
To illustrate, petroleum is composed of several substances 
boiling at different temperatures. The petroleum is heated 
at a low temperature until the oils having a very low boiling 
point, such as naphtha, petroleum ether, gasoline, and 
benzine, are all volatilized and condensed. The temperature 
is raised until gas oil distillates are vaporized. At a still 
higher temperature various grades of lubricating oil and par- 
affin oil are obtained. 

HARDNESS OF WATER* 

109. What Makes Waters Hard? We have already learned 
that mineral matter dissolved in water produces what is 
called hard water. The mineral matter which is most ob- 
jectionable is that which forms a precipitate with soap, or 
“curdles’" soap. The most common mineral matter found 
in hard waters consists of compounds of calcium, magnesium, 
or iron. Soap is a substance that consists largely of such 
compounds as sodium stearate. It is easily soluble in soft 
water. If we add some soap to a water that contains some 
compound of calcium, for example, a double decomposition 
reaction occurs as represented by the word equation: 

Sodium calcium calcium , sodium 

stearate compound stearate compound. 

(soap) (lime soap) 

The calcium stearate, or “lime soap,” is insoluble in 
water, and forms a precipitate that sticks to the sides of the 
* Hard waters may be studied under calcium, Chap. 32. 
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bath tub or wash basin when soap is used with hard water 
for our ablutions. Magnesium and iron compounds present 
in hard waters behave in a similar manner and form objec- 
tionable precipitates by combining with soap. Furthermore, / 

no soapsuds can be formed in hard water until enough soap 
has been added to precipitate all the calcium and magnesium I 

compounds that are present. Thus large quantities of soap ' I 

are wasted. . ! 

110. “Temporary” and “Permanent” Hard Waters. ^ 

When water that has carbon dioxide dissolved in it flows | 

over limestone (CaCOs), it dissolves some of the limestone |; | 

and forms calcium hicarhonate. :i‘ I 

■■■ V. 

CaCOs + H 2 O + CO 2 ;::± Ca(HC0a)2. I I 

Calcium 1 1 carbon ^ calcium If i 

carbonate"^ ^ dioxide bicarbonate ; i 


The calcium bicarbonate is about 90 times as soluble as cal- 
cium carbonate. Hence, \vater in limestone regions is likely 
to be very hard. If the ^water containing such bicarbonates 
is boiled, then the reaction is reversed, and calcium carbonate 
is precipitated. The bicarbonates of magnesium and iron 
behave in a similar manner. Hard waters that contain 
bicarbonates of such compounds are called ^Hem'porary hard 
waters because they may be softened by boiling. Students 
who live in limestone regions are familiar with the crust of 
calcium carbonate that forms on the bottom of the tea- 
kettle from the decomposition of the calcium bicarbonate 
during boiling. 

The name permanent hard water^^ is given to those waters 
that contain mineral matter which is not prec^itated by 
boiling. The name is misleading, since they can be softened 
by the use of chemicals. The “permanent hard waters'' 
usually contain such minerals as the sulfates of calcium and 
magnesium. Magnesium sulfate is readily soluble in water, 
but calcium sulfate is only slightly soluble. 
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111, Objections to the Use of Hard Waters. 1. For 
laundry purposes. If suds cannot be formed until all the 
mineral matter in the water has combined with the soap and 
been precipitated, evidently much soap will be wasted if hard 
water is used for laundry purposes. Then, too, the precipitate 
accumulates in the pores of the fabric, giving the garment a 
dingy appearance after washing. It is difficult to rinse such 
a precipitate out of the garment, since it adheres to the fibers 
with considerable persistence. 

2. For steam boilers. It takes several tons of water to run 
a passenger train from New York to Buffalo. That water is 
evaporated to produce steam for power 
, purposes. If the water contained mineral 
' matter, it would remain after the evap- 
^ <>^ation and form an incrustation known 


Such 

a scale is a very poor conductor of heat 
and more fuel is needed to produce 
steam if even a thin scale is present. 
Engineers estimate that a magnesium 
scale in. thick will cause a loss of 25% 
in the fuel value. The iron walls of 
boiler flues that become partially clogged 
with scale may be heated to a red heat 
and they sometimes burst under the pressure of the steam. 

Hard waters also produce corrosion or pitting’^ in steam 
boilers, thus decreasing the life of the boiler or its flues. 
Dissolved oxygen and carbon dioxide are probably active in 
aiding such corrosion. 

3. In other industries. Mineral matter present in the water 
used in the dyeing industry may cause uneven dyeing, or the 
color itself may be altered. Hard water may cause stains 
upon the leather in leather manufactures, or upon paper in 
the paper industry. In soap factories, sugar refineries, and 
in chemical manufacturing plants, hard water is objection- 


Fig. 87. — Pipe nearly 
closed by scale. 


Sodium , calcium 


calcium , sodium 


permutit ^ compound ^ permutit compound. 

Thus the calcium is removed from the water, and we have 
a water of zero hardness. The reaction is reversible, and the 
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able. Automobile radiators soon lose in efficiency if the water 
used in them is very hard, and the water used for replenishing 
storage batteries must be free from mineral matter. 

112. How Hard Waters Are Softened. The chemistry of 
softening hard waters will be more fully discussed in a later 
chapter. Some common methods are mentioned briefly: 
(1) Waters which have ^Hemporary hardness^’ are softened 
by boiling, or by adding slaked lime to precipitate the bi- 
carbonates which cause the hardness. The precipitate is 
then allowed to settle. (2) Washing soda (Na 2 C 03 ) is one 
of the cheapest and most efficient of the commercial water 
softeners. Borax is used on a small scale but it is too ex- 
pensive for extensive commercial use. (3) Tri-sodium phos- 
phate is coming into use. (4) Such substances as graphite, 
tannin, glue, etc., are added to water so the scale formed in 
boilers will be softer and more easily removed. They do not 
remove the hardness, but find use as boiler compounds’^ 
because they mix with the scale and make it soft enough to 
be removed by scraping or to be blown off as a sludge by the 
use of steam pressure. (5) Zeolite softeners are now ex- 
tensively used. Some natural minerals, sodium silico- 
aluminates, will exchange their sodium for the calcium or 
magnesium in a hard water as the water flows over them, 
or stands in contact with them. Several different companies 
are now manufacturing such minerals in granular form for 
softening water by filtration. They are used under such 
names as ^Muro,” ^^decalso,” and “permutit.” Figure 83 
shows a tank packed with granular permutit for use in 
softening water by filtering the water through it. The word 
equation for the reaction follows: 
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calcium may be removed from the permutit again by the use 
of a concentrated solution of common salt, sodium chloride. 
Then the permutit takes sodium from the salt, and it is 
regeneraied so that it may be used over and over again. 


Fig. 88. — Water softener, using artificial zeolite. 


Softeners of these types are manufactured for softening water 
for dwelling houses, for swimming pools, and for power 
plants. Several cities are now installing municipal softening 
plants. (See Fig. 89.) 


SUMMARY 

Impurities present in water may be held: (1) in suspension; 
(2) in solution. The impurities held in suspension are: (1) organic; 
(2) inorganic. 

Impurities held in suspension may be removed from water in 
several ways : (1) sedimentation; (2) sedimentation with the use of 
coagulum; (3) filtration. In the latter case, use is made of natural 
soil filtration, filtration beds, and mechanical filters. 

Organic matter including bacteria may be destroyed in several 
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ways: (1) aeration; (2) sunlight; (3) ultra-violet rays; (4) boil- 
ing; freezing; (6) tke use of chemicals^ such as ozone, chlorine, 
silver, and copper sulfate. 

Mineral matter dissolved in water may be removed by distilla- 
tion, This process of evaporating liquids and condensing their 
vapors is used in purifying liquids. Liquids having different 
boiling points may be separated from each other by fractional 
distillation. 

Hard water contains in solution mineral matter that will curdle 
soap. Very hard water may contain several hundred parts of 
mineral matter per million parts of water. If the mineral matter is 
precipitated by boiling, it is said to have temporary hardness. 
Water having mineral matter that cannot be removed by boiling 
is said to have permanent hardness. Such hard water can be 
softened, however, by the use of chemicals. 

Hard waters waste soap, corrode boilers, produce boiler scale, 
and interfere in the manufacture of many industrial products. 

On a small scale borax may be used to soften hard waters. 
Slaked lime and washing soda (sodium carbonate) are extensively 
used in the industries for softening hard waters. Artificial zeo- 
lites are also used for this purpose. 

QUESTIONS 
Group A 

1. Distinguish between ‘'pure water and "wholesome water. 

2. Should you use filtered water or distilled water for making 

up solutions in a chemical laboratory? Give reasons for your 
answer. ■ . . 

3. Why is it necessary to keep water at the boiling temperature 
for some minutes to sterilize it? 

4. Explain how you would proceed to determine whether a 
sample of water contains mineral matter in solution. 

6. What is the purest form of natural water? Explain. 

6, Is rain water satisfactory for use in storage batteries? Give 
a reason for your answer. 

7. Bread is organic matter. Is it objectionable in the water of 
a city reservoir? Explain. 
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8. If water tends to purify itself upon freezing, is the ice 
obtained frona the waters of a polluted stream suitable for use in 
iced tea? Give a reason for your answer. 

Group B 

9. Why should drinking water that shows the presence of am- 
monia, nitrites, or nitrates be looked upon with suspicion? 

10. Why is a good microscope needed in a sanitary water 
analysis? 

11. If you were given a sample of water containing both vola- 
tile and non-volatile matter, how should you proceed to get pure 
water from it? 

12. Why are small household filters attached to water faucets 
likely to become a menace rather than a protection? 

13. How would you proceed to determine the amount of 
mineral matter present in a sample of sea water? 

14. How could you treat sea water so the last part of Coleridge’s 
rhyme “Water, water everywhere, and not a drop to drink” 
would be untrue? 

15. Why is the name ^permanent hard water’ not a good one? 

16. Write a three-hundred-word essay upon the subject: ^ Are 
hard waters undesirable for drinking purposes?’ 

SUPPLEMENTARY PROJECT 

Investigate, and prepare a report on, the methods used for 
purifying the water of your city. 

Suggested reference: See report published by the Water De- 
partment in your city, or consult the engineer in charge. 


CHAPTER 10 


ATOMIC THEORY — ATOMIC WEIGHTS 

Vocabulary 

Combining weight. The weight of an element needed to combine 
with 1 gram of hydrogen. 

Reacting weight. The weight of an element needed to combine with 
or to displace 1 gram of hydrogen. 

Theory. An explanation of scientific phenomena, supported by con- 
siderable evidence, but not capable of laboratory demonstration. 

113. Atoms Have a Definite Combining Weight, In the 
analysis of water we found that 1 part by weight of hydrogen 
combines with approximately 8 parts by weight of oxygen 
to form 9 parts by weight of water. In a similar manner, it is 
possible to analyze hydrogen chloride, HCl. The analysis 
shows that it is composed of 1 part by weight of hydrogen 
to 35.5 parts by weight of chlorine. Similar analyses of 
ammonia, NHg, marsh gas, CH 4 , and hydrogen sulfide, HgS, 
show that: 

1 gram of hydrogen combines with 4.66 gm. of nitrogen. 

1 gram of hydrogen combines with 3.0 gm. of carbon. 

1 gram of hydrogen combines with 16.0 gm. of sulfur. 

It is possible to multiply such examples, but in every case 
we find that hydrogen has a smaller coinhining weight than 
any other element. Hence we use hydrogen as the standard 
for combining weight relations. The combining weight of anr 
element is the weight of that element which combines with one- 
gram of hydrogen. 

It is of interest to inquire how these elements combine with 
■ ' 152 
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one another. In certain compounds familiar to chemists, 
analyses show that: , ' 

8 gm. of oxygen combine with 4.66 gm. of nitrogen. 

8 gm. of oxygen combine with 3.00 gm. of carbon. 

3 gm. of carbon combine with 16.00 gm. of sulfur. 

3 gm. of carbon combine with 35.50 gm. of chlorine. 

A comparison of these figures shows us that these elements 
combine with each other in the same proportion that they 
combine with hydrogen. We call 8 the combining w^eight 
of oxygen, not only because it combines with one grain of 
hydrogen, but also because 8 gm. of oxygen will combine with 
4.66 gm. of nitrogen, or 3 gm. of carbon. 

Now we are in a position to understand more fully just 
what Lavoisier did for chemistry when he introduced the 
use of the balance. (See Fig. 34.) The manufacturer who 
wishes to make a chemical compound weighs out the different 
factors in the ratios of their combining weights. For example, 
the combining weight of iron is 28, and the combining weight 
of sulfur is 16. If we wish to make 44 lb. of iron sulfide, FeS, 
we weigh out 28 lb. of iron, and heat it with 16 lb. of sulfur. 
Of course we can get iron sulfide by heating 40 lb. of iron with 
16 lb, of sulfur, but in that case 12 lb. of iron would be left 
imcombined, an extravagant waste, ' 

Our grandmothers used to make their own baking powder 
by mixing 2 parts of cream of tartar with 1 part of baking 
soda. But a chemical analysis shows that 188 parts by 
weight of cream of tartar react with 84 parts by weight of 
baking soda. 188 84 = 2.23. The correct proportion is 

2.23 parts to 1 part, instead of 2 to 1. That means that 
our grandmothers used nearly two ounces too much bak- 
ing soda in making three pounds of baking powder. That 
is a small item for one household, but enough to make 
the cakes or biscuits bitter, and sufficient waste of one 
chemical to ruin the business of a large manufacturer. Their 
use of a spoon for measuring also gave inaccurate results. 
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114. : Reacting Weights, Some elements do not combine 
with hydrogen at all, and we cannot find their combining 
weights directly. In a substitution reaction, such elements 
will displace hydrogen from its compounds. It is interesting 
to find that the weight of an element needed to replace 1 gm. 
of hydrogen from its compound is exactly the same as the 
weight of that element that combines with 8 gm. of oxygen, 
the combining weight of oxygen. For example, 

23 gm. of sodium combine with 8 gm. of oxygen. 

23 gm. of sodium displace 1 gm. of hydrogen. 

12 gm. of magnesium combine with 8 gm. of oxygen. 

12 gm. of magnesixun displace 1 gm. of hydrogen. 

Thus we observe that the combining weight, and the weight 
of an element that will substitute itself for 1 gram of hydrogen, 
are numerically the same. For this reason, the term reacting 
weight is often used to apply to both combining weight and 
displacement weight. 

Of course the Law of Definite Proportions could not be 
true if elements did not have a definite combining or re- 
acting weight. This law is based upon chemical analysis. 

We find by analysis that 1 part by weight of hydrogen com- 
bines with 8 parts by weight of oxygen in the compound 
water. In hydrogen peroxide, however, 1 part of hydrogen 
combines with 16 parts by weight of oxygen. Thus we see 
that oxygen may have more than one combining weight. The 
higher combining weight is always a multiple of the lower. 
The fact that some elements have more than one combining 
weight is just what we would expect from the fact that in 
some cases two elements unite to form a series of compounds. 
The Law of Multiple Proportions is mereb^^ a statement of 
these facts. 

115. What Is the Atomic Theory? We have already 
learned that the chemist can subdivide matter into atoms, 
but that he cannot subdivide the atom. The early scientists 
believed that matter could be subdivided to infinity, but a 



WEIGH' 


sed by Jo] 
some moi 


. A mason may am 
houses of different de; 
more by using bricks 
similar manner, the, 
arranges them to foi 
at his disposal 92 diffe 
weights. The masor 
cut a brick into two 
that have more vari 
cannot divide an atom 
116. What Is Me 
too small to be weigh 
chemist to know the i 
greatest importance : 
all the atoms. He c 
weighs one-millionth 
of vital interest to ki 
atojn is as the oxyge: 
many compounds, cl 
of the oxygen atom 
weights of the atom 
them with the weighi 














1S6: ' ATOMIC THEORY — ATOMIC WEIGHTS 


table of atomic weights as printed on the inside of the back 
cover of this book, we see that the weight of oxygen is assumed 
to be 16, The sulfur atom is a little more than twice as heavy 
as the oxygen atom. Hence the atomic weight of sulfur is 
32.06. The weight of the bromine atom is almost five times 
that of the oxygen atom; its atomic weight is 79.92. The 
student is not expected to memorize atomic weights. In 

- fact, the figures are fre- 

I 23 gm. of sodium combine w Quently revised as more re- 

f 23 gm. of sodium displace fined methods of analysis 

i 12 gm. of magnesmm combin j^^ke it possible to determine 

! atomic weights with greater 

hus we observe that the comb accuracy. Jons Jakob 
an element that will substitute Berzelius was one of the first 
e numerically the same. For chemists to make accurate 
ngU is often used to apply to atomic weight determina- 
^splacement weight. tions. (See Fig. 90.) Others 

I Of course the Law of Defini who spent much time in such 
be if elements did not have determinations w^ere Jean 
5ting weight. This law is bas^ Dumas and Jean Stas. Pro- 
We find by analysis that 1 par lessor Theodore W. Richards, 
.nes with 8 parts by weight of Harvard University, was 
jater. In hydrogen peroxide, awarded the Nobel Prize in 
mbines with 16 parts by wei| chemistry in 1914 for his 
iat oxygen may have more than elaborate analytical methods 
igher combining weight is alw that led to the most accurate 
be fact that some elements ha atomic weight determinations 
is lust what we wooM ' yet made. (See Fig. 91.) For 
use in solving problems in beginning chemistry, the table of 
approximate weights as given on the inside of the front cover 
may be used. 

117. How Dalton’s Atomic Theory Harmonizes with 
Dalton’s Laws. If the weight of the carbon atom is 12, and 
the weight of the oxygen atom is 16, then we would expect 
12 parts by weight of carbon to combine with 16 parts by 
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weight of oxygen to form 28 parts by weight of carbon 
monoxide, because one molecule of carbon monoxide (CO) 
contains one atom of carbon and one atom of oxygen. The 
weight of the carbon atom is definite (12) and different from 
the weight of the oxygen atom, which is also definite (16). 
Since these atoms are 
indivisible by chemical 
they must ah 


means. 

ways unite in a definite 
proportion by weight. 

In the compound car- 
bon dioxide, CO 2 , we 
have one atom of car- 
bon, atomic weight 
equals 12, and two atoms 
of oxygen, atomic weight 
of each equals 16, com- 
bined to make one mole- 
cule. This, too, accords 
with the law of definite 
proportions. But the 
weight of the carbon is 
the same for both com- 
pounds; in the latter, 

CO 2 , we have added one 
more atom of oxygen. 

Of course the weight of 
oxygen is just doubled; 
it is a multiple of the 
weight of the oxygen in carbon monoxide. The law of mul- 
tiple proportions must be true if atoms have a definite weight 
and are indivisible. Adding another atom increases the 
weight by a fixed amount. 

118. The Significance of Chemical Formulas. We are 
now able to understand a fuller significance of chemical 


Courtesy of Mrs. Richards 

Fig. 91. — Theodore W. Richards 
(1868-1928) was a distinguished American 
chemist. He is well known through the 
methods of accurate analysis that he de- 
vised. His work in redetermining atomic 
weights was characterized by its extreme 
accuracy. 



158 • ATOMIC THEOEY- ATOMIC : WEIGHTS 


formulas. The formula, H 2 O, represents: (a) 1 molecule of 
water; (5) it shows that each molecule of water contains 
2 atoms of hydrogen and 1 atom of oxygen; (c) it represents 
2 parts by weight of hydrogen (each atom of hydrogen having 
a weight of 1) and 16 parts by weight of oxygen; (d) it 
stands for 18 parts by weight of water. 

In any chemical formula the small number that follows 
any symbol shows the number of such atoms in the molecule. 
For example, G 12 H 22 OU, the formula for cane sugar, shows 
that each molecule of sugar contains 12 atoms of carbon, 
22 atoms of hydrogen, and 11 atoms of oxygen. It also 
signifies 144 (12 X 12) parts by weight of carbon, 22 (22 X 1) 
parts by weight of hydrogen, 176 (11 X 16) parts by weight 
of oxygen, and 342 parts by weight of sugar. 

A number that precedes a formula shows the number of 
molecules used. For example, 5 H 2 SO 4 stands for 5 mole- 
cules of sulfuric acid, each molecule containing 2 hydrogen 
atoms, 1 sulfur atom, and 4 oxygen atoms. The formula 
for copper nitrate, Cu(N 03 ) 2 , shows that each molecule 
contains 1 atom of copper, 2 atoms of nitrogen, and 6 atoms 
of oxygen. The formula is written Cu(N’ 03)2 instead of 
CUN2O6, because the group of elements (NO3) behaves like a 
single element. 

119. How to Find Molecular Weights from Formulas. 
If the formula for water (H 2 O) represents one molecule of 
water, and shows that it is composed of two atoms of hydro- 
gen, each having a weight of 1, and one atom of oxygen, hav- 
ing a weight of 16, then we can find the molecular weight by 
adding together the weights of all the atoms in the molecule. In 
the compound aluminum sulfate, Al 2 (S 04 ) 3 , we have in one 
molecule: 

2 AI atoms (wt. 27 each) total, 54 parts by weight. 

3 S atoms (wt. 32 each) total, 96 parts by weight. 

12 O atoms (wt. 16 each) total, 192 parts by weight. 

Molecular weight equals grand total, 342. 
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, 120. How to Find the Per Cent of Any Element in a 
Compound. If we have a table of atomic weights and know 
the formula of a compound, we can find by simple arithmetic 
the per cent of any element. We must first find the molecular 
weight as in the preceding section by adding together the 
sums of the weights of all the atoms in the compound, as 
shown by the formula. Then, just as we find what per cent 
$80 is of $200 by dividing ike 'part by the whole, so we divide 
the sum of the weights of all the atoms of that element whose per 
cent is to be found by the molecular weight of the compound. 

Suppose we wish to find what per cent of potassium 
chlorate, KCIO3, is oxygen. 

Solution: 1 atom weight, 39.0 

Cl, 1 atom 'weight, 35.5 

O3, 3 atoms weight, 48.0 (3 X 16) 

molecular weight, 122.5 

Then, 48 (parts by weight of oxygen) 122.5 (molecular 
weight) equals 0.3918, equivalent to 39.18% of oxygen. In a 
similar manner we find by di-viding the atomic weight of 
potassium (39) by the molecular weight that this compound 
contains 31.83% of potassium. By dividing 35.5, the atomic 
weight of chlorine, by the molecular weight, we find the per 
cent of chlorine in potassium chlorate to be 28.98. 

Often the compound contains water of crystallization. 
Sodium carbonate may be taken as an example of such a com- 
pound, Its formula is NagCOs. IOH 2 O. The formula shows 
that 10 molecules of wmter have crystallized with 1 molecule of 
sodium carbonate to form the hydrate. The period indicates 
water of crystallization; it is not a sign of multiplication here. 

2 X 23, or 46 parts by weight are sodium, Na 

1 X 12, or 12 parts by weight are carbon, C 

3 X 16, or 48 parts by weight are oxygen, 0 
IOH 2 O = 10 X 18, or 1^ parts by weight ate water, H^O 

286 parts by weight are crystallized sodium 
carbonate. 
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46 -7- 286 = 0,1608, equivalent to 16.08% of sodium. 

12 286 ~ 0.042, equivalent to 4.20% of carbon. 

48 4- 286 = 0.1678, equivalent to 16.78% of oxygen. 

180 4- 286 ~ 0.6293, equivalent to 62.93% of water, eigbt-nintlis of 
which is oxygen; one-ninth, hydrogen. 

121, How to Find the Simplest Formula of a Compound. 
The student has probably wondered how the chemist finds 
the relative number of atoms in a formula. He may be 
interested to know why the formula for water is HsO, and 
the formula for nitric acid is HNO 3 . Before such a formula 
can be found, the compound must be analyzed to find its 
percentage composition. Then by use of the table of atomic 
weights, one can find the relative number of particles or 
atoms in the molecule of the compound. The simplest 
formula may then be written by using the symbols with the 
relative numbers of each atom. 

Given the following data: A compound is found by analy- 
sis to be 75% carbon and 25% hydrogen. Out of every 
100 parts by weight in this compound, 75 parts are made up 
of carbon atoms that have a relative weight of 12; and 25 
parts by weight are made up of hydrogen atoms that have 
an approximate weight of one. If we divide 75, the per cent 
of carbon, by the atomic weight of carbon, 12, we have a 
quotient of 6.25. If we divide 25, the per cent of hydrogen, 
by its atomic weight, 1, we get a quotient of 25. The ratios 
of these two quotients give us the relative number of carbon and 
hydrogen atoms in the compound. We have 6.25 atoms of 
carbon for every 25 atoms of hydrogen. We cannot write the 
formula C 6 . 25 H 25 , because we cannot have fractions of atoms. 
If we divide both numbers by 6.25, we find that there is 1 
carbon atom for every 4 hydrogen atoms. The formula be- 
comes CH 4 , which is the simplest formula of this compound. 

Pboblem. a compound contains carbon, 40%; hydrogen, 
6.66%; and oxygen, 53.33%. Find its simplest formula. Let us 
tabulate our results as follows: 
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Element 

Symbol 

Per Cent 

Atomic 

Weight 

Per Cent 
divided by 
Atomic Weight 

Carbon 

C 

40.00 

12 

3.33 

Hydrogen. ...... 

H 

6.66 

1 

6.66 

Oxygen 

0 

53.33 

16 

3.33 


To find the simplest ratio, we divide the quotients by the 

smallest quotient. 3.33 ) 3,33 - 6.66 - 3.33 

1—2 — 1 


The simplest formula of the compound is CH2O. 


Problem. A compound contains carbon, 81.81%; hydrogens 
18.18%. Find its simplest formula. 


Element 

Symbol 

Per Cent 

Atomic ! 
Weight 

Per Cent 
divided by 
Atomic Weight 

Carbon 

Hydrogen 

c 

H 

1 81.81 

18.18 

12 ! 

1 i 

1 

6.82 

18.18 


6.8 2) 6.82 — 18.1 8 

1 — 2.66 


Since there can be no fractional atoms, we find the simplest whole 
mmher ratio by clearing of fractions. Thus I and 2|- have the 
ratio of 3 to 8. The formula is CsHs. 

To find the simplest formula of a compound: (1) Divide the per 
cent of each element by its atomic weight; (2) Find the whole number 
ratio of these quotients; (3) Write the symbols of each element, using 
enough atoms to correspond with the ratio found. 

SUMMARY 

The combining weight of an element may be defined as the 
weight of that element that will combine with one gram of hy- 
drogen. Some elements have more than one combining weight. 

The term reacting weight is often used to apply to the weight of 
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an element that will combine with one gram of hydrogen, or 
displace one gram of hydrogen by substitution. 

The atomic theory be summarized as follows: 

1. Matter is made up of atoms which are indivisible by chemical 
means. 

2 . The atom of an element has a definite weight. 

3. The atoms of different elements have different weights. 

■ 4, Chemical affinity is the attraction between atoms. 

The atomic weight of an element is that number which tells 
the weight of its atoms as compared to the weight of the oxygen 
atom, which is 16. The atomic weight of an element either equals 
the combining weight, or it is a multiple of the combining weight. 

The fact that atoms have a definite weight, and that atoms 
are indivisible, explains why the laws of definite and multiple 
proportions must be true. 

Chemical formulas show the composition of a compound, quali- 
tatively and quantitatively. From the formula, one can find the 
percentage composition of a compound. 

One may find the simplest formula of a compound by: 
( 1 ) analyzing the compound to find the per cent of each element 
in it; ( 2 ) dividing the per cent of each element by the atomic 
weight of that element; (3) finding the simplest whole number 
ratio of the quotients obtained in (2) ; (4) writing the symbols in 
order, following each one by the corresponding quotient obtained 
in (3). 

QUESTIONS 

1 . How does a theory differ from a law? 

2 . State fully the meaning of each of the following formulas: 
HNOs; KCl; Ca(OH) 2 ; 4ZnCl2; FeS04.7H20; CasCPOO^. 

3. What is the difference between CUSO 4 . SHoO and CUSO 4 ? 
What changes would you expect the former compound to undergo, 
if it were heated to 100 ° C.? 

4. In finding the molecular weight of a compound from its 
formula, what precautions must be taken? 

5. Outline the separate steps needed for the finding of the 
simplest formula of a compound. 
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PROBLEMS 

Group A 

(Use approximate atomic weights as given on front cover.) 

1. Find the percentage composition of each of the following: 
re. 03 ; HgO; NaCL 

2. What per cent of sodium sulfate, Na 2 S 04 . lOILO, is water? 

3. Find the per cent of nitrogen in each of the following: 
CafNOOs; CaCNs; (NH4)2S04. 

4. Which would yield more chlorine per ton, sodium chloride, 
NaCl, or potassium chloride, KCl? 

5. Find the simplest formula of a compound containing car- 
bon, 92.31%; hydrogen, 7.69%. 

6. Analysis of a compound shows that it contains: Potassium, 
39%; hydrogen, 1%; carbon, 12%; and oxygen, 48%. Find 
its simplest formula. 

7. Find the simplest formula of a compound having the fol- 
lowing composition: Sodium, 28.05%; carbon, 29.26%; hy- 
drogen, 3.66%; and oxygen, 39.02%. 

8. Find the simplest formula. Analysis: Carbon, 64.86%; 
hydrogen, 13.52%; and oxygen, 21.62%. 

9. Analysis: Nitrogen, 21.21%; hydrogen, 6.06%; sulfur, 
24.24%; oxygen, 48.48%. Find the simplest formula. 

10. Analysis: Calcium, 19.32%; chlorine, 34.30%; oxygen, 
46.38%. Find the simplest formula. 

Group B 

11. Find the simplest formula for a compound having the fol- 
lowing analysis: Phosphorus, 43.66%; oxygen, 56.33%. 

12. A compound has the following composition: Iron, 70%; 
oxygen, 30%. Find its simplest formula. 

13. Analysis: Hydrogen, 3.06%; phosphorus, 31.63%; oxygen, 
65.30%. Find its simplest formula, 

14. A compound is made up of the following elements: Sodium, 
37.70%; silicon, 22.95%; oxygen, 39.34%. Find its simplest 
formula. 

15. A compound is made up of the following: Carbon, 52.17%); 
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hydrogen; 13.04%; and oxygen, 34.78%. Find its simplest 
formula. . 

16. Analysis: Calcium, 31.25%; carbon, 18.75%; oxygen, 
50.00%. Find the simplest formula. 

17. Analysis: Carbon, 8.57%; hydrogen, 0.71%; and iodine, 
90.71%. Find the simplest formula.’ 

18. Analysis: Calcium, 24.69%; hydrogen, 1.23%; carbon, 
14.81%; and oxygen, 59.26%. Find the simplest formula. 

19. A compound contains: Sodium, 47.91%; aluminum, 
18.75%; and oxygen, 33.33%. Find its simplest formula. 

20. Find the simplest formula of a compound that has the 
following analysis: Potassium, 24.68%; manganese, 34.81%; 
and oxygen, 40.60%. 
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If we use a large circle to represent one molecule, and small 
circles within it to represent atoms, ' we. may picture the 
relationship between molecules and volumes, as in Fig. 94. 

It is interesting to note that in the first equation, one 
volume of hydrogen and one volume of chlorine form two 
volumes of hydrogen chloride. In the second equation, 

2 vols. hydrogen + 1 vol. oxygen only 2 vols. vapor. 

There is a contraction in this case because each of the new 
molecules that are formed contains three atoms instead of 
two. We started with three molecules of two atoms each, 
and had formed two molecules of three atoms each. In dealing 
with equations where all the substances are gaseous, the 
relative number of volumes is always the same as the number of 
molecules. In the third case illustrated, we find that 3 
volumes of hydrogen and 1 volume of nitrogen form only two 
volumes of ammonia. The ammonia molecule, NHs, con- 
tains /oar atoms. No atoms are lost during a chemical change^ 
and there is no change in weighty but the volumes vary be- 
cause the atoms may combine to form fewer molecules. 

In a similar manner it may be shown that the inolecules of 
all ordinary gaseous elements contain two atoms. The mole- 
cules of some elements that are liquid or solid at the ordinary 
temperature do not contain two atoms w^hen they are vapo- 
rized. For example, mercury and iodine have at high tem- 
peratures only one atom to the molecule. Phosphorus has 
four; sulfur, 2, 4, or 8, varying with the temperature. 

★ 125. What is Meant by a Mole? We have learned how 
to find the molecular weight from the formula. If we w^eigh 
out as many grams of a substance as are exactly equal to 
its molecular weight, we have what chemists call the gram- 
molecular weight of a substance, or one mole. For example, 
one mole of hydrogen chloride, HCl, is the molecular weight 
(1 + 35.5), multiplied by 1 gram. To find one mole of 
sulfuric acid, we first find its molecular weight. (2 + 32 
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+ 64 = 98.) Then, one mole equals 98, the molecular 
weight, X 1 gm., or 98 gm. One mole of oxygen, O 2 , is 
equal to 32 gm., since we have just proved that one molecule 
of oxygen contains two atoms. 

★ 126. What Is a Molar Solution? If we weigh out 
exactly one mole of a substance and then dissolve it in enough 
water to make 1000 c.c. of solution, we have a molar solution. 
Much time may be saved by making up considerable quan- 
tities of such solutions in the laboratory. When a chemist 
measures out 100 c.c. of a molar solution, he knows how 
many grams of the solute are present without the necessity 
of a separate weighing. 

★ 127. How Much Space Does One Mole of a Gas Occupy? 
We have learned that it is very difficult to weigh gases 
accurately. But we may find the space occupied by one mole 
of certain gases of which we know the weight. For example, 
we know that one liter of hydrogen at S. T. P. weighs 0.09 
gm., and that one mole of hydrogen, H 2 , equals 2.016 gm. 
(2 X 1.008 X 1 gm.) Now we may calculate the number of 
liters of hydrogen that will be needed to weigh 2.016 gm. 
If we divide 2.016 by 0.09, we find that it will take ^^4 liters 
of hydrogen to make one mole. We know that one liter of 
oxygen at S. T. P, weighs 1.43 gm., and that one mole of 
oxygen equals 32 gm. But, 32 -f- 1.43 = 22.4, the number 
of liters in one mole of oxygen. 

We could go on and make calculations with other gases, 
but it is unnecessary. Avogadro^s law tells us that equal 
volumes of ail gases at the same temperature and pressure 
have the same number of molecules. Therefore^ a mole of 
one gas will occupy the same space as one mole of any other gas. 
Experiments also show that this is true. The student should 
remember that one mole of any gas at standard temperature 
and pressure occupies ^^4 liters of space. This volume, 22.4 
liters, is sometimes called the gram-molecular volume j since it 
is the volume occupied by one gram-molecular weight. 
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^ ★ 128. How to Find tlie Weight of One Liter of Any Gas. 
Suppose we wish to find the weight of one liter of sulfur 
dioxide, SO 2 , at S. T. P. We may use the knowledge gained in 
the preceding section to calculate such weight. For example, 
22.4 liters of sulfur dioxide weigh as many grams as one mole, 
wMch equals 64 gm. (32 4- (2 X 16)). Then, 64 gm. -r 22.4 
= 2.85 gm., the weight of one liter of sulfur dioxide at S. T. P. 
We may find the weight of one liter of any gas at S. T. P. by 
dividing the molecular weight of that gas in grams by 22,4 liters. 


D (gm. per liter at S. T. P.) 


gm. moL wt. 


From the molecular weight of a gas, one can tell at a glance 
whether the gas is heavier or lighter than air. One liter of air 
weighs 1.29 gm. 22.4 liters of air will weigh 22.4 X 1.29 gm., 
or 28.95 gm. Suppose we wish to know whether acetylene 
gas is heavier or lighter than air. Its formula is C 2 H 2 . Its 
molecular weight is 26. By comparing this number with 
28.95, we find that acetylene is lighter than air. The molec- 
ular weight of the gas hydrogen sulfide, H 2 S, is 34. It is 
heavier than air. By dividing 34 by 28.95, we find that it is 
1.17 times as heavy. Its specific weight, air standard, is 1.17. 

★ 129. How to Determine the Molecular Weight. 1. Of a 
gaSj or of a substance that can be vaporized without decomposing. 
Since we know that one mole of any gas at S. T, P. occupies 
22,4 liters, we can use that knowledge to find the molecular 
weight of a gas, even if we do not know its formula. We 
find the weight in grams of 22.4 liters of that gas at S. T. P. 
This may be done by weighing 1 liter of the gas in grams, and 
then calculating the weight of 22,400 c.c., or 22.4 liters, at 
S. T P. Or, we may construct a box that holds 22.4 liters, 
find its weight in grams, and fill it at standard conditions 
with the vapor of the substance whose molecular weight is 
to be found. (See Fig. 95.) The increase in weight in grams 
is equal to the molecular weight of the substance. 
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Suppose we weigh one liter of a gas at standard conditions 
and find that it weighs 1.25 gm. Then 22.4 liters of that gas 
will weigh 22.4 X 1.25 gm., or 28 gm. Therefore, the molec- 
ular weight of the gas is 28. 

It is not practicable to weigh a gas at S. T. P. Of course 
any temperature and pressure can be used, because it is 
possible by the use of the laws of 
Charles and Boyle to compute the 
weight at standard conditions. 

2. Of a compound that cannot be 
vaporized. If we try to evaporate 
such a compound as sugar, we find 
that it decomposes. Hence we cannot 
find its molecular weight by getting 
the weight in grams of 22.4 liters of 
its vapor. In such cases we make 
use of the fact that a solute lowers the 
freezing point of a solvent. Francois 
Raoult, a French chemist, found that if he dissolved one mole 
of alcohol, 46 gm., in 1^0 gm. of water that the water would 
not freeze at 0° C., but that the solute would lower the 
freezing point of the solvent 1.87*^ C. Many other substances 
behave in a similar manner. A molal solution of glucose 
freezes at ~ 1.87® C. Further experiments show that one 
mole of any substance, except an acid, a base, or a salt, lowers 
the freezing point 1.87® C. when dissolved in one liter of 
water. Hence, to find the molecular weight of a non-volatile, 
but soluble, substance, we merely find the number of grams 
that must be dissolved in 1000 gm. of water to lower its 
freezing point 1.87® C. 

Raoult also found that one mole of a non-volatile sub- 
stance, with the exception of acids, bases, and salts, dissolved 
in 1000 gm. of water will raise the boiling point of the solvent 
0.52® C. Hence we may also find the molecular weight of a 
non-volatile substance by determining the number of grams that 


22. -4 Liters 
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WMst be dissolved in 1000 grams of water to raise the boiling 
point 0M2^ C, In general, the freezing point and boiling 
point methods of finding molecular weights give only ap- 
proximate results. 

3. N on-^volatile, insoluble substa7ices. No one has yet suc- 
ceeded in working out a method for finding the molecular 
weight of a substance that can neither be vaporized nor 
dissolved in some solvent. The percentage composition and 
the simplest formula of such substances can be found, but 
not the molecular weight. Stai’ch is such a substance. Its 
simplest formula is CsHioOs. But its formula could be 
C 12 H 20 O 10 , or some other multiple of the simplest formula . 
Chemists write its formula (CeHioOfOar, but the value of a* is 
unknown. 

★ 130. How to Find the Correct Formula of a Compound. 
Students frequently ask why the formula for hydrogen 
peroxide is written H 2 O 2 , instead of HO, H3O3, or some 
similar formula. The percentage composition as found from 
the formulas HO, H2O2, or H3O3 is the same in all cases. 
From the percentage composition, we find that the simplest 
formula is HO. But to find out the correct formula, we must 
determine the molecular w^eight to see whether it is 17, 34, 
51, or some other number. If the molecular weight is 17, 
then the correct formula is HO. But we find that the molec- 
ular weight is 34 ; therefore H 2 O 2 is the correct formula. Each 
atom of the simplest formula HO must be taken twice to 
give a molecular weight of 34, which experiment shows to be 
correct. 

Problem. A compound contains carbon, 92.31%; hydrogen, 
7.69%. One liter of its vapor at S. T. P. weighs 3.482 gni. Find 
its correct formula. 

Solution. By the method given in Section 121 we first fmd its 
simplest formula, which is CH. If 1 liter weighs 3.482 gm., then 
22.4 liters will weigh 3.482 X 22.4, or 78 gm. The molecular 
weight of the compound is 78. But the molecular weight of the 
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simplest formula is only 13, as we find by adding the atomic 
weights. Let x equal the number of times each element must 
be taken. Then 13a; = 78, and x = 6. It is obvious that each 
atom of the simplest formula must be taken 6 times to give the 
molecular weight, 78. The correct formula is CeHe. 

SUMMARY 

According to the Law of Gay-Lussac the combining volumes of 
all gases may be expressed by small whole numbers. If the 
product is gaseous, it bears a simple whole number ratio to the 
factors. 

From A\mgadro^s Law we learn that equal volumes of all gases 
have the same number of molecules, provided they have the same 
temperature and pressure. 

From these laws pertaining to gases, it is possible to show that 
one molecule of a gaseous element contains two atoms. Therefore, 
the letter H represents a single atom of hydrogen; 2H represents 
two atoms of hydrogen; but H 2 represents one molecule of hy- 
drogen that contains two atoms. 

One mole of any substance is equal to its molecular weight times 
1 gram. It is also called the gram-m^olecular weight. A molar 
solution contains one mole of the solute in one liter of the solution., 

One mole of any gas at S. T. P. occupies 22.4 liters. We can 
find the weight of one liter of any gas by dividing its molecular 
weight in grams by 22.4. The weight of 22.4 liters of air is 
28.95 gm. If the molecular weight of a gas is more than 28.95, 
that gas is heavier than air, and conversely. 

To find the molecular weight of a gas or of a volatile compound, 
we find the weight in grams of 22.4 liters of its vapor at standard 
temperature and pressure. The weight in grams is numerically 
equal to its molecular weight. 

To find the molecular weight of a soluble, non-volatile com- 
pound, we determine the number of grams that must be dissolved 
in 1000 gm. of water to lower its freezing point 1.87° C., or to raise 
its boiling point 0.52° C. That number equals the molecular 
weight. This method does not apply to acids, ba.ses, and salts. 
The reason for this exception is given in Chap. 21.^ 
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QUESTIONS 

Geoup B 

1. How wouid you prove that the nitrogen molecule contains 
two atoms? 

2. Formulate a rule for finding the correct formula of a coin- 
pound, 

3. Suppose you are given a compound whose percentage com- 
position is given, but whose molecular weight is unknown. How 
would you proceed to find its correct formula? 

4. What relation is there between the coefficients of gases in 
an equation and their relative volumes? 

5. Why do we not speak of 28.95 as the molecular weight of 
the air? 

PEGBLEMS 
Group B 

1. Five hundred c.c. of a gas at S. T. P. weigh 0.98 gm. Cal- 
culate the molecular weight of the gas. 

2. One liter of a certain gas collected at a pressure of 720 mm. 
and at a temperature of 27° C. weighs 1,30 gm. Calculate its 
molecular weight. 

3. One liter of chlorine at S. T. P. weighs 3.17 gm. Find the 
molecular weight of chlorine. From this molecular weight, what 
do you infer as to the number of atoms in a molecule of chlorine? 

4. At standard conditions 225 c.c. of sulfur dioxide weigh 
0.6428 gm. Find the molecular weight of sulfur dioxide. 

5. The compounds FIBr, PHg, and N 2 O are all gaseous at the 
ordinary temperature. Find their molecular weights. From an 
inspection of their molecular weights, tell which ones are heavier 
than air. Calculate their specific weight, air standard. 

S. Calculate the weight of one liter of hydrogen chloride, 
HCl, at S. T. P. Find how many times as heavy this gas is as air. 

7. Find the weight of one liter of the following gases: CTlr, 
NIL; C 2 H 2 . 

8. Calculate the weight of one liter of nitrogen. Find its 
specific weight, air standard. 

9. Calculate the weight of 400 c.c. of the following gases: 
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CO 2 ; H 2 S. Can you calculate the weight of 400 c.c. of common 
salt, NaCl, by the same method? Explain. 

10. Find the weight of one liter of water vapor. Compare this 
weight with the weight of one liter of air. Compare this weight 
with the weight of one liter of liquid ivater. How many volumes 
of water vapor would be formed by the evaporation of one liter of 
water at 100° C.? 

11. A compound contains nitrogen, 30.51%; oxygen, 69.49%. 
Two hundred c.c. of the gas at S. T. P. weigh 0.817 gm. Find 
the simplest formula, the molecular weight, and the correct 
formula for this compound. 

12. By analysis a compound is found to contain hydrogen, 5% ; 
fluorine, 95%. Four hundred c.c. of the gas weigh 0.714 gm. 
Find the simplest formula, the molecular weight, and the correct 
formula for this compound. 

13. One liter of alcohol vapor weighs 1.592 gm. at a tempera- 
ture of 78 ° C. and under a pressure of 760 mm. of mercury. Find 
the molecular weight of alcohol. Hint: One liter of alcohol 
calculated at 0° C. weighs more than 1 liter at 78° C. 

14. A compound shows the following analysis: Carbon, 32%; 
hydrogen, 4%; oxygen, 64%. Find its simplest formula. Fifteen 
gm. of this substance added to 1000 gm. of water lower its 
freezing point 0.187° C. Find the molecular weight and tiie 
correct formula. 

15. A compound contains 80% of carbon; the rest is hydrogen. 
Find its simplest formula. Two hundred c.c. of its vapor at 
S. T. P. weigh 0.268 gm. Find its molecular weight, and its 
correct formula. 

16. A compound shows the following analysis: Carbon, 
26.67%; hydrogen, 2.22%; and oxygen, 71.11%. Find its 
simplest formula. The molecular weight of the substance is 90. 
Find its correct formula. 

17. Analysis: Carbon, 40%; hydrogen, 6.67%; and oxygen, 
53.33%. Find its simplest formula. Eighteen gm. of this com- 
pound dissolved in 1000 gm. of water raise the boiling point of the 
water 0.052° C. Calculate the molecular weight of the compound 
and its correct formula. 

18. A compound has the formula C2H4O2. The compound is 
volatile. From this formula, make a problem similar to number 11. 



CHAPTER 12 


WHAT IS VALENCE — HOW VALENCE 
IS USED 


Vocabulary 

Valence, The capacity which one atom of an element has for holding 
in combination hydrogen atoms. 

Radical. A group of elements that generally behaves cliemicaily as 
if it were a single element. 

Ternary. A c<3mpound that contains three elements. 

Proton. A positively charged particle equal in weight to the 
hydrogen atom. 


131. Introductory. The student has probably wondered 
why we write the formula for hydrogen chloride, HCl; for 
watei’, H 2 O; for ammonia, NHs; and for methane or marsh 
gas, CH 4 . We observe that one atom of chlorine can hold 
only one atom of hydrogen in combination. We say it has a 
valence of one. An oxygen atom is capable of holding in 
combination tivo atoms of hydrogen; its valence is two. The 
nitrogen atom, which can hold three hydrogen atoms, is said 
to have a valence of three. The carbon atom may have a 
valence of four, since it can hold in combination four hy- 
drogen atoms. The carbon atom has a greater capacity for 
holding hydrogen atoms than has either the nitrogen or the 
oxygen atom. Crudely, we may say that its grabbing 
power is greater than that of the oxygen atom. Since no 
hydrogen atom ever holds more than one atom of any othei 
element, it is used as the standard in the study of valence. 
That property of an atom which indicates the numher of hy- 
drogen atoms with which it can combine^ or which it mmj dis- 
place, is called its valence. 
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132. Kinds of Valence. An element, such as chlorine, 
whose atom has the capacity for holding just one hydrogen 
atom is said to be '^m-valent. An element like oxygen whose 
atom can hold two hydrogen atoms is said to be 6^"Valent. 
Elements having a valence of three are valent; of four, 
guadrf- valent; of five, gmngm- valent ; of six, hexa-Yolent, 
No element is known that has a higher valence than eight 
(octo- valent). 

133. How Valence is Applied in Binary Compounds. "We 
have learned that a binary compound contains two elements 
only. We know that chlorine is univalent, since it combines 
with hydrogen, atom for atom. Oxygen is bivalent, since one 
oxygen atom can hold two hydrogen atoms. In the same 
manner, from the compound ammonia, NH3, we learn that 
nitrogen has a valence of three. From the compound meth- 
ane, CH4, we learn that carbon has a valence of four. 

Chemists have used different expressions, such as bonds, 
'Hubes of force,'’ “links,” “hooks,” and “grabbing power,” 
in their efforts to represent chemical affinity. Sometimes the 
valence of an element is represented graphically as follows: 

H 

■ ■ I ■■ . 

H-Cl. H-O-H. H-N-H. 

I I 

H H 

Each line or “bond” represents a valence of 1, and these 
diagrams show that chlorine can hold 1 hydrogen atom; 
oxygen, 2; nitrogen, 3; and carbon, 4. The number of 
“bonds” an atom has tells us nothing concerning the. stability 
of the compounds it forms. Ammonia, for example, al- 
though the nitrogen in it has three valence “bonds,” is not so 
stable as hydrogen chloride, in which chlorine has but one. 
Valence is a measure of capacity, but not of strength or 
stability. 
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Some elements do not unite with hydrogen directly, but 
such elements almost always unite with oxygen. We may 
use oxygen as ,a standard in such cases, calling its valence 2. 
Examples of such compounds include Na20, CaO, AI2O3, 
and Sn02. Since it takes two atoms of sodium to combine 
with one of oxygen, the valence of sodium must be 1. Cal- 
cium unites with oxygen, atom for atom; hence its valence 

the 

^ge of electricity. The letter € 

^ 3ctron. (See Section 22.) An elf 
ZH'^ron only has a positive valence of 
Q um, Mg, can lose two electrons, aii 
_ of 2. (Mg« - 2€ = Mg++.) r| 
Q depends upon the number of eleciroi 
_ of such a metal seems to depei 
— “ it parts with its electrons. 

0 e drawn by Thomson, we have tl 
— diich are greedy for electrons. Th^ 
0 Jtand alone, but they readily ^^bd 
— ms. When the chlorine atom, ff 
0 ’on, it acquires a negative charg 
— ne, therefore, has a negative valen 
Fig. 96 .— is capable of gaining two electron 
dence of 2. (0« + 2€ = 0^.) Tl 
Is 2. Aluminum, AL has ^^nent depends upon the number o 
valence of 4. Somecimes 

valence more clearly. (See In 1913, a brilliant young Ep< 
In writing formulas, it is customary to write first the sym- 
bol of the metallic element and follow it with the symbol of 
the non-metal. In any binary compound^ the total 7 iumber of 
bonds of the metallic element must exactly equal the total 
number of bonds of the non^metallic element To illustrate, 
we may use the formula AI 2 O 3 . Let us write the symbol of 
each element, using accent marks to indicate its valence as 
follows: AF" 0". The elements cannot combine atom for 


Na 

H 

Na 

H 




S 
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atom. We see at a glance that 6 is the smallest multiple of 
both 2 and 3. Each element must have a total of 6 bonds.^^ 
Therefore we shall need 2 aluminum atoms of 3 “bonds” 
each and 3 oxygen atoms of 2 “bonds” each. Thus we find 
the formula for aluminum oxide to be AI 2 '" The prod- 
uct' of the nu7nber of atoms of 07ie element times its valence 

equals the product of the 


pcto- valent). 

133. How Valence is Applied in 
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number of atoms of the 
other element times ffe 
valence. 

Some students learn 
more quickly the follow- 
ing method of criss-cross- 
ing valences: A|?iQf or 
The valence and 
the number of atoms 
needed to balance the 
compound are just re- 
versed, By the use of this 
method we get Snp'^ 
instead of Sn 02 . WTien 
the numbers are eve^i we 
must simplify by reduc- 
ing the numbers to their 
lowest terms. 

If the student looks up 

line or “bond” represents valence of the ele- 

ments (inside front cover) he should be able to write the 
formula for any binary compound. For example, magnesium 
has a valence of 2. The formula for its oxide is MgO; it 
cannot be Mg 203 , Mg20, or Mg02. Keeping in mind the 
fact that the valence of chlorine in all chlorides is 1, we 
write respectively the formulas for the chlorides of sodium, 
magnesium, aluminum, and tin as follows; NaCl, MgCl 2 , 
AiCL, and SnCL. 


H-Cl. H-O-H. 
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134. The Electron Theory of Valence. The modern 
theory of valence assumes that the force of attraction be- 
tween atoms is electrical. J. J. Thomson suggests that some' 
elements — namely, hydrogen and the metals may lose, one 
or more electrons. (See Fig. 97.) The hydrogen atom is^ 
generous and loses one electron. The hydrogen atom has 
no electrical charge until it loses an electron. If we subtract 
an electron from it (H^ -- e = H+), the hydrogen atom then 
acquires a positive charge of electricity. The letter e is 
used to represent one electron. (See Section 22.) An ele- 
ment that can lose one electron only has a positive valence of /. 
An element like magnesium, Mg, can lose two electrons, and 
have a positive valence of 2. (Mg® — 2c = Mg++.) The 
positive valejice of a metal depends upon the number of electrons 
it ca7i lose. The activity of such a metal seems to depend 
upon the ease with which it parts with its electrons. 

To complete the picture drawn by Thomson, we have the 
non-metaliic elements, which are greedy for electrons. They 
have no charge as they stand alone, but they readily “bor- 
row” or “pilfer” electrons. When the chlorine atom, for 
example, gains an electron, it acquires a negative charge. 
(CP + 6 5= Cl"".) Chlorine, therefore, has a negative valence 
of 1. The oxygen atom is capable of gaining two electrons; 
hence it has a negative valence of 2. (0® + 2e = 0"".) The 
negative valence of an element depends upon the number of 
electrons it “borrows.” 

135. Atomic Numbers. In 1913, a brilliant young Eng- 
lish chemist, H. G. J. Moseley, who later lost his life in the 
World War, was able by means of the X-ray spectra from 
different metals to determine the number of excess protons 
in the nuclei of different atoms,^ (See Fig. 98.) He found 
that hydrogen has only one excess proton, and he assigned 
to hydrogen the atomic number 1. Helium has the atomic 

^ Note. Some other views of the structure of the atom are given 
in Chapter 40. 
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number 2; lithium is 3; beryllium is 4; boron/ 5; carbon^ 
6; mtrogen, 7; oxygen, 8; and fluorine, 9. The atomic 
numbers of the other elements are given in the table on 
page 433. 

Since the atom is electrically neutral, and the atomic 
number is equal to the excess protons or positive charges on 
the nucleus, it follows that the atomic number must also be 
equal to the number of planetary electrons surrounding the 

nucleus. According to Dr. 
Bohr^s theory of the plan- 
etary electrons, we may 
represent some of the 
hghter atoms as shown 
in Fig. 99. 

The circle in the center 
represents the nucleus of 
the atom and the number 
inside shows the atomic 
number, or excess pro- 
tons. The small black 
dots represent electrons. 
They seem to be grouped 
in rings, or concentric 
spheres or shells, as repre- 
sented by the dotted lines. 

136. How Compounds 
Are Formed. It seems, 
then, as if compounds are formed by elements which 
lose electrons and thus become positively charged, unit- 
ing by electrical attraction with those elements which 
gain electrons and become negatively charged. In the 
accompanying diagram (see Fig. 100), we have represented 
what is believed to occur when hydrogen combines with 
fluorine. Hydrogen loses one electron and becomes posi- 
tively charged. The electron lost by the hydrogen is gained 
by the fluorine atom, thus charging it negatively. As John 


Underwood Press Service 

Fig. 98. — H. J. G. Moseley was a young 
English chemist who was killed in the 
trenches during the World W^ar. He is 
known because of his work in determin- 
ing atomic numbers. 
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Mills explains in his Letters of a Radio Engineer to His Son, 
the hydrogen electron has no playfellows. So this lonely 
electron strolls over to join the seven fluorine electrons in 
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FitJ. 99. The hydrogen atom has a single electron. In this group 
of atoms the number increases to nine. 
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whatever game they are playing. But this electron is still 
attracted to the parent nucleus, and the tw-o oppositely 
charged atoms then unite to form the compound hydrogen 
fluoride, HF. Metals 
do not ordinarily H 
combine with one 
another, because / / 

they all tend to lose i ^ i j 
electrons and be- 
come positively 
charged. We learned 
'in Section 22 that 
charges of the same 
sign repel. For the 
same reason two non-metallic elements show little chemical 
affinity for one another, since such elements are likely to be 
charged with electricity of negative sign. For some reason 
elements seem to be trying to complete rings or shells of cught 


Boss of an electron 
le&ve& atom posilively 
charged. 






■■ The hydrogen atoro unites chemi- 
cally with the fluorine atom. 
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electrons, although the first ring is complete with two elec- 
trons. If we observe the diagram that represents the helium 
atom, we find that there are two electrons. No element is 
able to take any electrons from helium, nor does helium ever 
gain any electrons. Its .charge is always zero. Therefore it 
forms no compounds whatever. It preserves the spirit of the 
Monroe Doctrine and forms no entangling alliances. W^e 
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Fig. 101. — Since oxygen has a negative valence of two, it combines with 
two positively charged hydrogen atoms. 


observe that lithium has three planetary electrons, but two 
of those electrons are in the inner shell and cannot be 
detached. Lithium has only one valence electron. It readily 
loses that electron, and becomes an active univalent positive 
element. Beryllium has four electrons; two of them are in 
the inner stable ring or shell; it two valence electrons. 
Boron has three valence electrons. 

If we examine the configuration for oxygen, we find that it 
has eight electrons. Two are stable. It is conceivable that 
oxygen might lose six electrons, but it is much more plausible 
to expect that it will take two electrons from some other ele- 
ment to complete its ring or shell of eight. Figure 101 shows 
what may occur when hydrogen and oxygen unite to form 
water. It takes two hydrogen atoms, each having one elec- 
tron, to supply the electrons for one oxygen atom. In such 
compounds, it is probable the atoms share electrons. 

In the formation of ammonia, the nitrogen atom needs 
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three electrons, to complete a ring of eight. Hence it . takes 
three hydrogen atoms to furnish the three electrons shared 

One nZ/ro^en aZom 


j Zskes an eJeoiron 
/ from each of/hree 
{ hydroaen aZoms 



Fig. 102. — The nitrogen atom combines with three hydrogen atoms. 


with the nitrogen atom. That is the reason why ammonia 
has the formula NH 3 . (See Fig. 102.) 

137. Atoms with Ten or More Electrons. The neorratoiii 
has ten electrons, two in an inner ring 
or shell, and eight in another. (See 
Fig. 103.) This configuration is 
stable, and no electrons can be added 
to it or taken from it. Hence neon 
belongs to that bachelor group of 
elements that forms no alliances with 
other elements. The sodium atom has 
eleven planetary electrons, two in one 
ring, eight in another, and a single 
valence electron. It is a very active 
metal, since it loses this single elec- 
tron so easily. The chlorine atom has an inner ring of two 
electrons, a second ring of eight, and seven valence electrons. 


Neon 



atom neither gains nor 
loses electrons. 
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Because of its greed for an extra electron, it is one of tEe 
most active non-metals known. The following diagram 
shows how a sodium atom is believed to lose an electron 
to a chlorine atom, and combine with the atom to form a 
molecule of sodium chloride, NaCL (See Fig. 104.) 

■ 138. Valence of Radicals. If would seem as if the valence 
might be more difficult to determine when there are three or 
more elements in a compound. This may be true, but in the 
majority of such cases two of the elements in such a com- 
pound form a radical. In a radical two or more elements 
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Fig. 104. - 


- The positively charged sodium atom unites chemically 
with the negatively charged chlorine atom. 


may act as one. A radical may he defined as a group of ele- 
ments that generally acts as a single eleinent In the compound 
sodium hydroxide, NaOH, the group (OH) is a radical. In 
sulfuric acid, H2SO4, the (SO4) group is a radical. The com- 
pound nitric acid, HNO3, contains the radical (NO3). Since 
in a radical the two elements act like a single element, w^e 
can find the valence of a radical in exactly the same manner 
that we determined valence of elements in binary compounds. 
For example, the (OH) radical has a valence of 1 ; the (SO4) 
radical has a valence of 2, since it unites with 2 atoms of 
hydrogen to form sulfuric acid; the (NO3) group has a va- 
lence of 1. 
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Suppose we desire to write the formulas for the hydroxides 
of the various metals mentioned in Section 133 . Calcium 
hydroxide is Ca(OH)2; aluminum hydroxide is Al(OH)3; 
and tin hydroxide is Sn( 0 H) 4 . The sulfates of these metals 
have the following formulas: Na2S04; CaS04; Al2(S04)3; 
and Sn(S04)2. 

That the oxygen in a ternary compound usually holds in 
combination aU the other elements may be seen from the 
following structural formulas: 

H- 0 . a 

Na-O-H. H- 0 -N< . 

The student will soon learn the valence of the more comnion 
radicals. The majority of them combine with hydrogen, and 
their valence can be found from some formula with which the 
student is familiar. For example, no one can forget that the 
formula for sulfuric acid is H 2 SO 4 . Then he can apply this 
knowledge to the dozen or more sulfates he may study, all of 
which have one or more sulfate ( 804 )"" radicals. 

139. Some Atoms Have Variable Valences. The study of 
valence would be much easier if no element ever varied in 
valency. But some elements are quite fickle. For example, 
the mercury atom may lose one electron and have a valence 
of 1 . (Hg^ — € = Hg"^.) In the compound mercmous chlo- 
ride, HgCl, the mercury has a valence of 1 . But under 
different conditions, the mercury atom may lose two elec- 
trons. (Hg*^ — 2€ = Hg++.) In such a case mercury has a 
valence of 2 , and may form the compound mercur^c chloride, 
HgCl 2 . There are two chlorides of mercury. To distinguish 
them, we call that one in which the metal has the lower 
valence mercuro?^s; the one in which the mercury atom has 
the higher valence is called mercurifc. 

Iron forms two classes of salts in which the valence of the 
iron varies. In the compound ferrows oxide, FeO, the valence 
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of the iron is 2. In the compound feme oxide, Fe 203 , the 
valence of the iron is 3. If we look over the list of elements 
given on the inside of the front cover, we find that the valence 
of some elements never seems to vary. In some cases, the 
valence varies widely. 

Such elements as hydrogen, sodium, potassium, calcium, 
and many other metals seem to be always electro-positive. 
On the other hand, such elements as fluorine, chlorine, 
bromine, and oxygen seem practically always to be electro- 
negative. But an element, such as carbon, could lose four 
electrons to form a stable configuration, or it could gain four. 
It appears that in the compound H4C, the carbon atom must 
have taken four electrons from four hydrogen atoms, and 
that in the compound CO2 it must have lent four electrons 
to two oxygen atoms. There is considerable evidence to 
support the theory that in both these compounds the two 
elements share electrons in what is called co-valence: This 
topic will be more fully discussed in a later chapter. 

Another interesting example of variable valence may be 
shown by the study of three compounds of sulfur. In the 
compound hydrogen sulfide, H 2 S, the sulfur atom has a 
valence of 2. In the compound sulfur dioxide, SO2, its 
valence seems to be -f- 4; and in the compound sulfur tri- 
oxide, SO3, the valence of the sulfur atom seems to be *+• 6. 

140. The Relation of Valence to Substitution. Just as it 
is impossible to have 1 atom of a bivalent element combine 
with only 1 atom of a univalent element, so do we find it 
impossible to substitute one atom of a bivalent element for 
only 1 atom of a univalent element. For example, if we write 
the equation for the interaction of zinc and sulfuric acid, we 
have the following: 

Zn + H2SO4 ZnS 04 + Hg ‘T 

The zinc element is bivalent, and substitutes itself for 2 atoms 
of univalent hydrogen. \^en the acid used is hydrogen 
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chloride, or hydrochloric acid, then we must take 2 molecules 
of hydrogen chloride in order to have the 2 hydrogen atoms 
for which the zinc may be substituted. The equation follows : 

Zn + 2HC1 ZnCls + Hs r . 

In double substitution, too, wm must consider valence. 
In the following equation, 

FeCls + 3NaOH Fe(OH )3 i + 3NaCl, 

we must use three molecules of sodium hydroxide to get the 
three univalent sodium atoms to be substituted for one 
trivalent iron atom. At the same time, we get three uni- 
valent (OH) radicals to combine with the trivalent iron. 

141, Valence Is a Useful Working Tool. Chemists have 
spent much time in trying to explain ^Svhy^^ and ^^hovir’^ 
atoms unite. But, after all, it seems even more important to 
know that they do unite. The valence scheme is a valuable 
tool for the chemist. He learns the valences of the importaiit 
elements, instead of trying to memorize the formulas for 
thousands of compounds. Vf'hen he knows the valence, he 
can write the formulas for compounds, even for those with 
which he is unfamiliar. 

The beginner needs to be cautioned against expecting too 
much from the valence scheme. He may WTite formulas, for 
example, of compounds that do not exist. Then he will fiad 
many compounds that are puzzling, such as H 2 O 2 , CaCs, 
FcaO^i, C2H2, and C2H4. The student should memorize the 
valences of all the common elements, and the valences of the 
most common radicals. He wHl find valence useful in many 
wa 3 ?'s, but he must not expect it to prove a panacea for all the 
ills of the chemist. 

142. Table of Valences. ' To familiarize the student 
wdth the valences of the most common elements, a table is 
given here for use in the questions at the end of the chapter. 
The elements that have variable valences appear in two or 
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more of the columns. In writing formulas, it will be helpful 
to the beginner if he writes the positive and negative signs 
after each element and radical to indicate the proper valence. 

EX.A.MPLBS. Ca++(C03)“; As2+++S3=; Mg++0=; Al+++(P04)^ 


Table of Valence 


One 

Two 

Three 

Four 

Five 

Six 

Cl, H, I, 

Hg, Ag, Na, 
K 

Ca, Cu, Fe, 

Mg, Hg, 0, 
Sn, Zn, S 

Al, Fe, N, 

P ■ 

C, Si, s, 
Sn 

N, P 

s 


Valence cf Common Radicals. (All but one are negatiYe radicals.) 


One 

Two 

Three 

OH, NOs, CIOs, 

SO4, CO3, 

P 

pi 

NHa (positive), 

SO3, Cr04 

BO3 

NO2, Mn04 1 



SUMMARY 


That property of an element which indicates the number of 
hydrogen atoms with which its atom can combine, or which it may 
displace, is called its valence. 

Elements vary in valence from 1 to 8. Hydrogen and the 
metals are electro-positive; oxygen and other non-metals are 
usually electro-negative. In writing formulas, it is customary to 
write the electro-positive element first. 

A binary compound has two elements. To write the formula 
for a binary compound, one must know the valence of both 
elements. Next we write the symbols in order, the positive ele- 
ment first, with the proper number of electrical charges indicated 
by plus and minus signs just above and to the right of each 
symbol. Then take such a number of atoms of each that the total 
number of positive charges will just equal the total number of 
negative charges. 

In ternary compounds, two of the elements generally act as 
radicals. A radical is a group of elements that behaves as a single 
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element. In the writing of formulas, they are treated as if they 
were a single element. 

An atom that can lose electrons acquires a positive charge. 
Some atoms gain, or take, electrons and acquire a negative 
charge. The activity of an element depends upon the ease with 
which it gains or loses electrons. 

The concept of atomic numbers was developed by Moseley. 
Each atom has a number that depends upon the number of excess 
protons in its nucleus. The atomic number of an element is also 
equal to the number of planetary electrons surrounding the nucleus 
of its atom. 

Compounds are believed to be formed by the attraction of 
oppositely charged atoms. Atoms that have rings of 2 or 8 elec- 
trons are stable. They do not form compounds. Other atoms 
seem to be trying to form rings of eight electrons, either by losing 
or by’' gaining electrons. 

Some atoms have variable valences. Valence also applies in 
substitution reactions. 


QUESTIONS 

1 . Write the formulas for all the oxides of the following metals: 
K, Cu, Mg, Ag, and Zn. 

2 . Write the formulas for two oxides of each of the following 
elements, and write the name of each compound: Fe, Sn, Hg, 
N, and P. 

3. Write the formulas for the hydroxides of all the elements 
given in question 1 . 

4. Write the formulas for two sulfates of the following: Fe, 
Sn, and Hg. 

5. W rite the formulas for the sulfate, nitrate, chloride, hydrox- 
ide, and phosphate of ammonium, NH 4 . 

6. Write the formulas for the permanganates of sodium and 
potassium. (Permanganates have one or more Mn 04 radicals.) 

7. In what two ways can you determine the valence of a radi- 
cal? 

8. Which element do you tliink can form more compounds, 
one of a single valence, or one whose valence is variable? 
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9. Name several elements that are generous and part with 
their electrons easily. 

10« Name several elements that are greedy for electrons. 

11 . Why is the valence of an element never more than eight? 

12. In the top row of the following table certain elements and 
radicals are given with their valence indicated. In the left-hand 
column a number of metals is listed. Copy the table and fill 
in the formulas for all the compounds as shown for the sodium 
compounds. 



Oxides 
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droxides 

Chlo- 

rides 

Nitrates 

Sulfates 

Phosphates 
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CHAPTER 13 


CHEMICAL EQUATIONS AND CHEMICAL ; 

PROBLEMS 

Vocabulary 

Equation. An expression that shows by the use of symbols and 
formulas what occurs during a chemical reaction. 

Factor. One of the elements or compounds entering into a chemical 
reaction. 

A. EQUATIONS 

143. What is an Equation? In several of the reactions 
that we have studied, word equations have been used to help 
explain what chemical changes took place. The formula 
equations, which were printed without full explanation, 
really show to the chemist exactly ’what happens during such 
changes. Now that we know the full significance of formulas 
and how to write them by the aid of valence, we may study 
the meaning of formula equations and learn how to write 
them ourselves. 

On the left side of the equation, we write the formulas for 
all the /acior^; this includes the symbols of all the elements 
and the formulas for all the compounds that enter into the 
reaction. On the right side of the equation, we write the 
symbols and formulas of all the elements and compounds that 
are formed as products upon the completion of the reaction. 
An equation shows what actually happens as a result of 
chemical action. It is not a prophecy, hut a statement of fact 
It is more explicit than a word equation, and considerably 
briefer. 

A chemical equation has no value unless it is correct in all 
respects: 
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1. It must represent the facts. Before one can write an 
equation he must know all the factors and all the products. 
This means he must know with what chemicals he started, 
and also what products he has at the end of the reaction. 
The chemist relies upon analysis for such facts. 

2. Every compound in the equation must be balanced with 
respect to the valence of its elements and radicals. To com- 
plete this second step in writing equations, a student must 
know the valence of each element. Then he proceeds, by the 
methods given in Chapter 12, to write the correct formula 
for all the compounds. 

3. There must he the same number of atoms on each side of 
the equation. This is a matter of simple arithmetic. No 
atoms are lost during a chemical change, and every one must 
be accounted for. Atoms are not manufactured during a 
chemical change, and the products cannot have more atoms 
than the factors. The student may use as many molecules as 
are necessary to balance the equation, 

4. In a molecular equation, every elementary gas must con-- 
tain two atoms. In Section 124, it was proved that gas- 
eous elements have two atoms per molecule. This step is 
especially important when dealing with volume relations, 

144, How to Write Equations. Since one learns by 
doing, to use the words of Squeers, let us study some of the 
equations where the facts have already been learned. We 
decomposed water to prepare hydrogen and oxygen. Water 
is the only factor, and the products are hydrogen and oxygen. 
Thus we write the equation, using symbols and formulas: 

H20^H2 T + 0 T . 

Such an equation appears to be correct, since it tells the 
truth, every compound is correctly balanced as to valence, 
and no atoms have been gained or lost. But we have for- 
gotten that the molecule of an elementary gas contains two 
atoms. To obtain the two atoms of oxygen needed, we must 
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use two molecules of water; in other words, the above equa- 
tion must be multiplied by two throughout. The following 
equation is correct in every respect: 

2H2O ^ 2H2 T + O2 T ■ 

In the decomposition of mercuric oxide by heat, we have 
the following: HgOt±Hg + Ot. 

This equation is correct in three respects, but the elementary- 
gas oxygen must have two atoms. Hence we use double 
the number of atoms of each compound and each element to 
form the molecular equation. Mercury is an element, but 
not a gas. Hence we write 2Hg, instead of Hg 2 . 

2HgO ^ 2Hg + O 2 T . 

Let us next take up the study of an equation where 
substitution occurs. When hydrogen chloride in water 
solution is added to zinc, the zinc displaces the hydrogeii, 
which is set free as a gas. The other product formed is zinc 
chloride. If we write the equation as shown below, 

Zn + HCl ZnCl + H T , 

we find by checking it that it is not correct. It appears to be 
correct as to fact, but since zinc is bivalent, the formula for 
zinc chloride is ZnCb. The next step is to change our 
equation as follows: 

Zn + HCl ^ ZnCb + H T . 

Now the facts are as represented and every compound is 
balanced as to valence, but there are more atoms on the 
right side of the equation than on the left. In other words, 
it is not an equation. We need another chlorine atom. If 
we were to write hydrogen chloride HCL, that would give 
the needed chlorine atom, but hydrogen cannot hold two 
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chlorine atoms. One of the most common mistakes made 
by the beginner is that of destroying the balance of a com- 
pound in order to get the required number of atoms. He 
must keep this sequence in mind: (1) The facts. (2) Every 
compound properly balanced. Then he must not change the 
subscript numbers after this step is completed. But he can use 
as many molecules as are needed to get the required number 
of atoms. In this case, he may use two molecules of hy- 
drogen chloride, 2HC1, and then the equation becomes, 

Zn + 2HC1 ZnCls + Hs T • 

Check. The equation states the facts; every element in 
every compound has the proper valence; no atoms have 
been gained or lost; and every molecule of an elementary 
gas has two atoms. If the student will always check his 
equations in this manner, he will have little dilBSiculty in 
writing equations. 

Let us next consider a metathesis reaction. If we add a 
solution of silver nitrate to a solution of sodium chloride, 
double decomposition occurs, and silver chloride and sodium 
nitrate are formed. The equation, with the plus and minus 
signs shown, follows: 

Ag+N 03 -+ Na+Cl- Ag+Cl"+ Na'^-NOa-. 

In such equations the student must remember that it is 
customary to write the symbol for the positive element first. 
This is usually hydrogen or some metal. We would no more 
expect two positive elements to combine than we would 
expect to see two boys dance away together at a mixed 
dance. We do not have such compounds as AgNa or CINO 3 . 
This is what actually happens: The silver atom and the 
sodium atom exchange places. We shall be safe in assuming 
that in double decomposition reactions, if any change occurs 
at all, one positive (metallic) element will be substituted for 
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another positive element, and it will combine with a negative 
(non-metallic) element, or a non-metallic radical. Radicals 
usually remain intact during chemical reactions. 

145. Some Equations That Are More Diffictilt. la the 
laboratory preparation of oxygen, we learned that oxygen 
may be prepared by the heating of potassium chlorate, 
KClOs. The equation follows: 

KCIO3 KCl + 30 T . 

But we must not forget that the oxygen molecule contains 
two atoms. We obtain three oxygen atoms, or enough for 1| 
molecules, from one molecule of potassium chlorate. If we 
start with 2 molecules of potassium chlorate, then 'we can 
do away with fractional molecules. The equation then 
becomes, 

2KC103-->2KC1 + 302 T. 

When a substance burns it unites with oxygen. In the 
burning of phosphorus, the compound formed is P2O5. The 
first step in writing the equation follows: 

P4-0»>P206. 

This expresses the fact that phosphorus combines with 
oxygen and forms phosphorus pentoxide, P 2 O 5 , a properly 
balanced compound. But we need more phosphorus and 
oxygen atoms as shown in the second step: 

2P + 50 P 2 O 5 . 

But oxygen is an elementary gas, and the 5 ox 3 ^gen atoms 
furnish enough oxygen to form only 2.] molecules. To avoid 
the use of fractional molecules, we must double the entire 
equation. Then it becomes correct in all respects; 


4P + 5 O 2 2 P 2 OS. 
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Let us take one more type equation, the one used in the 
coagulum process of water purification. We may use the 
following steps: (1) to represent fact. 

A1(S04) + Ca(OH) Al(OH) + Ca(S04). ( 1 ) 

The student will observe that the two metallic elements 
exchange places. We have enclosed the radicals in paren- 
theses. Step 2 consists in balancing all the compounds so 
each element and radical will have the correct valence. 

A1++-^2(S04)3^ + Ca++(OH)2“-^ A1+++(0H)3- + 

Ca+-^(S04) = . (2) 

From the formula for aluminum sulfate we observe that there 
are enough aluminum atoms to form two molecules of 
aluminum hydroxide, and enough SO4 groups to form three 
molecules of calcium sulfate. Hence in the following step 
(3) we write the coefficients 2 and 3 before those molecules 
respectively. Next we observe that we need three atoms 
of calcium for the three molecules of calcium sulfate. We 
can get those atoms only by taking three molecules of calcium 
hydroxide. The completed equation follows: 

Al2(S04)3 + 3Ca(OH)2 2A1(0H)3 i + 3CaS04 i . (3) 

B. CHEMICAL ARITHMETIC 

146. Problems Relating to Equations. Since no atoms 
are gained or lost during a chemical reaction, and atoms have 
a definite weight, then it must follow that the relative weights 
of factors and products as represented by a balanced equa- 
tion may be calculated. Three types of problems pertaining 
to equations may be given: {1) Weights may he :.given\and 
weights required. (2) Weights may he given, and volumes re- 
quired; or volumes given and weights required. (3) Volumes 
giveii and volumes required. 
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■ 147. How Relative Weights Are Calculated. If we study 
the sioiple equation, 

CaO + H20~^Ca(0H)2, 

we see that one molecule of calcium oxide unites with one 
molecule of water to form one molecule of calcium hydroxide. 
But let us write below each formula the molecular weight of 
that particular compound, as shown below : 

CaO + H 2 O -> Ca(OH )2 

(40 + 16) (2 + 16) (40+(16-hl)2) 

56 18 74 

It is evident that 56 farts by weight of calcium oxide unite 
with 18 parts by weight of water to form 74 parts by weight 
of calcium hydroxide. What do we mean by parts by weight! 
We mean that 56 gm. of calcium oxide will unite with 18 gm. 
of water; or we mean that 56 lb. of calcium oxide will unite 
with 18 lb. of water. When we start with grams of one 
compound, the relative weights of the others will be in grams. 
If we start with pounds, ounces, or tons of one compound, the 
other compounds will have a corresponding denomination. 

Problem. Given 200 lb. of calcium oxide. How many pounds 
of calcium hydroxide can be formed by slaking this oxide in water? 

Solution. (1) Let us write the equation. (2) Just above the 
formula for the compound given let us write the actual weight, 
200 lb.; and above the formula for the compound required we 
write the required weight, x lb. (3) Under each formula let us 
write the corresponding molecular weight as found by adding 
{never multiplying) the atomic 'weights. (4) Form a proportion 
as follows:' actual ' weight op known compound' : actual 
weight' op unknown compound = MOLECULAR WEIGHT , OP 
KNOWN COMPOUND' : MOLECULAR WEIGHT OF UNKNOWN COMPOUND., 

2001b. a; lb. 

CaO Ca(OH )2 

(40 + 16) (40 +(16 + 1)2) 

56 , "74 
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From the steps as outlined, we have the following proportion: 
200 : X = 56 : 74. Whence, x = 264.3, the number of pounds of 
calcium hydroxide that would be formed. The amount of water 
needed was not a part of our problem, so we cancel that formula 
after the equation is balanced, or neglect it entirely. Let us use 
the same steps in solving a second type problem. 

Problem. If we need 40 gm. of oxygen for an experiment, 
how many grams of potassium chlorate must be heated to liberate 
the oxygen? 

Solution. Let us proceed just as we did in the preceding 
problem. (1) The equation. (2) Actual weights. (3) Molec- 
ular weights. (4) The proportion. 


X gm. 

2 K Cl O3 
2(39 + 35.5 + 48) 
245 (mol. wt.) 




40 gni, 

+ 3O2 
3(32) 

96 (mol. wt.) 


By proportion, x : 40 = 245 : 96; whence, x = 102.1 gm. Here 
we omit the potassium chloride, since it is not a part of our 
problem. If we w^ere asked to find how many grams of potassium 
chloride are formed, then we would use the molecular weight of 
that compound. 

Note. It is desirable to make a preliminary estimate in 
problems of the type we have just solved. In the first one, for 
example, we note that the molecular weight of the calcium hy- 
droxide is approximately 30% more than that of the calcium 
oxide. Hence the answer will be about 30% more than the 
200 lb. with which we started. In the second case, we see that it 
takes about 2.5 gm. of potassium chlorate to liberate 1 gm. of 
oxygen. Hence it will take about 100 gm. to set free 40 gm. 
of oxygen. 


★ 148. How to Solve Problems Involving both Weight and 
Volume Relations. Problems of this type are not so common 
as those just studied, but we sometimes need to know^ how 
many grams of a substance are needed to liberate a given 
volume of a gas, or vice versa. In solving this type of 
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problem,, it' will be well to keep in mind the fact that om 
mole of any gas occupies 224 liters. 

Problem. How many liters of hydrogen will be set free by 
the action of an excess of sulfuric acid on 100 gm. of zinc? 

Solution. The steps are as follows: (1) Write the equation. 
(2) Write the actual weight of zinc given (100 gin.) above its 
symbol, and the required volume of hydrogen {x liters) above its 
symbol, (3) Then write beneath the corresponding formulas the 
molecular weights, but instead of the one mole op hydrogen 
(2 gm.) WE USE its equivalent, which is 22.4 liters. (4) Then 
we may form a proportion in which actual weight : liters == molec- 
ular weight : liters. 

100 gm. X liters 


From the proportion, 100 : a: = 65 : 22.4, we find that x = 34.2 
liters. We may cancel out the unused formulas, H 2 SO 4 and 
ZnS 04 , and the 2 gm., for which we have substituted 22.4 liters. 

Problem. How many grams of potassium chlorate must be 
heated to prepare five 400-c.c. bottles of oxygen gas at S. T. P.? 

Solution. (1) Write the equation. (2) Above the formula 
for the potassium chlorate write the number of grams required 
{x gm.) ; above the formula for the oxygen write the number of 
liters (2000 c.c., or 2 liters). (3) Below the corresponding formu- 
las wTite the molecular weights of potassium chlorate and oxygen. 
Substitute for the 3 moles (96 gm.) of oxygen its equivalent (67.2 
liters). Each mole occupies 22.4 liters. (4) Form the proportion 
and solve for x. 

X gm. 2000 c.c., or 2 liters 

2 K Cl O 3 4- 3 O 2 

2(39 + 35.5 + 48) 3(32) 

245 - 96 ’-g r m, or 67.2 liters 

In the proportion, a: : 2 = 245 : 67.2, we find that x = 7.29, the 
number of grams of potassium chlorate needed. Of course vol- 
ume relations apply to gases only. 
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149, Problems Where Volumes Are Given and Volumes 
Required. The application of Avogadro’s Law makes this 
type of problem the simplest of all. It is most important that 
the molecular equation be correctly written so that each 
elementary gas has two atoms per molecule. The coefficients 
in such molecular equations will be proportional to the 
volumes of the gases at S. T. P. It is unnecessary to use 
atomic or molecular weights. 

Problem. How many liters of oxygen will be needed for the 
complete combustion of 14 liters of hydrogen? 

Solution. (1) Write the molecular equation. (2) Write the 
numbers representing the gas volumes above the corresponding 
formulas. (3) Write below the formulas the coefficient of each 
(number of molecules). (4) Form a simple proportion between 
the relative volumes and relative coefficients. (By Avogadro.) 

14 liters x liters 

2 H 2 + (1)02 ^2H20 

2 mols. 1 mol. 

Then, 14 liters : x liters = 2 mols. : 1 mol.; whence, x equals 
7 liters, the volume of oxygen needed. 

Problem. How many liters of oxygen are needed for the 
complete combustion of 12 liters of marsh gas, CH4? How many 
liters of carbon dioxide are formed? 

Solution. (1) Write the equation. (2) Write the numbers 
representing the gas volumes above the corresponding formulas. 

(3) Write below the formulas the coefficient of each one. 

(4) Form the proportion. 

12 liters x liters liters 

CH4 2O2 — > CO2 “h 2H2O 

1 mol, 2 mols. 1 mol. 

To find the number of liters of oxygen, we use the proportion; 
12 : a; = 1 : 2; whence, x = 24, the number of liters of oxygen 
needed to unite with 12 liters of marsh gas. To find the number 
of liters of carbon dioxide, we use the proportion, 12 : y = 1 : 1. 
Whence, 2/ = 12 liters. When comparing relative gas volumes, 
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we always find tlieir ratio, to be the same as the ratio of the: co- 
efficients of the molecules. 

SUMMARY 

A chemical equation is a simple expression that shows what 
occurs when a chemical reaction takes place. On the left side of 
the equation, the factors are written. The products that are 
formed are written on the right side. 

To be correct an equation must: (1) Be true to fact. (2) Have 
all compounds correctly balanced as to valence. (3) Account for 
all the atoms and no more. (4) Have two atoms per molecule for 
each elementary gas. 

In writing equations, students should remember: (1) That 
metals and hydrogen are usually positive. (2) That positive 
elements are written first in a formula. (3) That the non-metals 
are usually negative. (4) That radicals usually remain intact 
during the reaction. (5) That subscripts are not to be changed 
after a compound is correctly balanced. (6) That as many mol- 
ecules may be used as are necessary to supply the required num- 
ber of atoms. 

Three types of problems pertaining to equations are possible: 
(1) When weights are given and weights are required. (2) When 
weights are given and volumes required, or vice versa. (3) When 
volumes are given and volumes required. Of course volume 
relations always pertain to gases. 

EQUATIONS 

(For reference and for use in solving problems) 

' ' 1. ^Na '+ 2 H 2 O 2NaOH + T . 

2. CuO + Hs ->00 + H 2 O. 

3» C “h O 2 CO 2 t . 

■' 4.:.C'+ CO 2 -->.200 r.,-' • .■ 

/ ■ J. CO 2 +.H 2 O ■ 

; ' : :6, 3Fe + 4 H 2 O FesCh + 4 H 2 T . 

7 . 2C2H2 4 “ 50*2 4GO2 T " 4 “ 2H2O. 

8. BaOs + H 2 SO 4 BaS 04 4 + H 2 O 2 . 

9. CaCOs + S 2 G + CO 2 Ga(HC03)2. 
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PROBLEMS 

(Use approximate atomic weights) 

Group A 

1. How many grams of oxygen can be prepared from 10 gm. of 
mercuric oxide? 

2. How many grams of oxygen can be prepared from 10 gm. of 
potassium chlorate? 

3. How many grams of zinc are needed to liberate 5 gm. of 
hydrogen from sulfuric acid? 

4. How many grams of sodium chloride, NaCl, are needed to 
unite with 10 gm. of silver nitrate, AgNOs, in water solution? 
How many grams of silver chloride will be precipitated? If the 
excess water is evaporated, how many grams of sodium nitrate 
will be left? 

5. How many pounds of copper can be obtained from 200 lb. 
of copper oxide? 

6. How many pounds of copper sulfate can be made from 
300 lb. of copper? 

1 , How many pounds of iron are needed to set free 10 lb. of 
hydrogen from steam? (See equation No. 6, page 203.) 

8. How many pounds of hydrogen peroxide are produced by 
the action of an excess of sulfuric acid on 45 lb. of barium peroxide? 

Group B 

9. How many liters of oxygen can be prepared from 10 gm. of 
potassium chlorate? 

10, How many grams of zinc are needed to prepare 5 liters of 
hydrogen from sulfuric acid? 

11, How many liters of hydrogen will be needed to reduce 
10 gm. of copper oxide to metallic copper? 

12, How many grams of potassium chlorate are needed to pre- 
pare 9 moles of oxygen? To prepare 22.4 liters of oxygen? 

13, How many liters of oxygen are needed to burn 5 liters of 
acetylene? How^ many liters of carbon dioxide will be formed? 

14, How many grams of sodium will be needed to liberate 
10 liters of hydrogen from water? 
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15. How many .liters of' carbon dioxide would be formed by 
burning 225 gm. (about half a pound) of carbon? 

16. How many litens of carbon monoxide will be produced by 
the action of an excess of carbon dioxide on 40 gin. of carbon? 
(Equation 4.) 

17. If 130 gm. of zinc interact with 150 gm. of hydrogen 
chloride, how many grams of zinc chloride will be formed. Hint: 
First calculate which is present in excess. 

18. How many grams of silver chloride will be formed by the 
interaction of 100 gm. of silver nitrate with 80 gm. of sodium 
chloride? 

19. How many grams of potassium chlorate will be required 
to supply the oxygen needed to fill four 380-c.e. bottles when the 
temperature is 27® C. and the pressure is 720 miii.? 

20. How many liters of oxygen will be needed to burn com- 
pletely 60 liters of the gas ethane, C2H6, as shown by the follow- 
ing equation: 

2C2Hfi + 7O2 -> 4CO2 T + 6H2O. 

How many liters of carbon dioxide will be formed? 

21. A sample of gasoline has the average formula C7H1B. The 
following equation, 

C7H16 + IIO2 7CO2 + 8H2O, 

represents its complete combustion. Assuming that the gasoline 
vapor and oxygen both have the same temperature and pressure, 
how many liters of oxygen are needed to burn completely lOO liters 
of gasoline vapor? If air is 21% oxygen, w'hat is the ideal adjust- 
ment of a carburetor designed to mix the air and gasoline vapor in 
the right proportion? 


CHAPTER 14 


ACIDS, BASES, AND SALTS 

Vocabtilaxy 

Indicator. A substance used to determine by means of a color 
reaction the presence of an acid or a base. 

Lichen, A iiatj scale-like, flowerless plant. 

Neutralization. The union of the positive element of an acid with 
the negative radical of a base to form water. 

Alkali. A term applied to soluble bases; it also includes some com- 
pounds that are not bases, but act like them. 

Caustic. A substance that burns or corrodes the tissues of the body. 

160. Introductory. Several times it has been necessary 
to refer to some acid. Bases and salts have also been men- 
tioned frequently. Of the various compounds mentioned in 
chemistry, many of them belong to one of the three following 
classes: acids j bases j and salts. We have used hydrochloric 
acid and sulfuric acid in the laboratory. From the experi- 
ment showing the behavior of sodium on water, we are 
familiar with the base sodium hydroxide, NaOH. Sodium 
chloride is typical of a large number of compounds known as 
salts. In this chapter we shall select certain representatives 
to show the method of preparation and the general charac- 
teristics of each of these three groups of compounds. 

A. ACIDS 

161, Where Acids Are Found. Several acids are found 
in nature, or are formed by natural processes. Green fruits 
contain acids, which often form salts as the fruits ripen. Such 
ripe fruits as the orange, lemon, and grape fruit contain 
acids. Fermentation often produces acids, such as lactic 
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acid in sour milk, or acetic acid in vinegar. Many acids are 
manufactured for industrial use. 

152. Three Important Acids. There are three acids that 
are of such major importance that they may justly be called 
the triumyirate., These three acids, hydrochloric, nitric, and 
sulfuric, were known to the old alchemists. There are few 
industries that do not make use of one or more of these 
acids in quantity. 

1. Hydr.ochloric acid. When hydrogen chloride, HCl, 
a heavy gasj is dissolved in water, the solution has acid 
properties. When we speak of acid properties we refer to 
certain chemical properties of acids that will be discussed in 
a subsequent section. The pure acid does not have those 
properties but a water solution of the acid does. When a 
chemist speaks of an acid, he nearly always refers to a water 
solution of the acid. Concentrated hydrochloric acid contains 
about 38% by weight of the gas, hydrogen chloride. Or- 
dinary dilute acid, generally used in the laboratory, is made 
by adding 1 pai't of the concentrated acid to 4 parts of 
water. The water solution of the pure acid is colorless. 

2. Nitric acid. This acid is a volatile liquid that has the 
formula HNO3. The 100% acid is never put on the naarket, 
but the concentrated nitric acid of commerce contains 68% 
of nitric acid with 32% of water. This liquid is colorless 
when free from impurities. Ordinary dilute nitric acid is 
made by adding 1 part of the concentrated nitric acid to 
5 parts of water. 

3. Sulfuric acid. This acid, which has the formula H2SO4, 
is so important industrially that it has been called the 

old horse of chemistry.’^ It is a heavy, oily liquid that has 
a high boiling point. The comentrated acid contains al^out 
93.5% of the acid and 6.5% of water. Ordinary dilute 
sulfuric acid is made by adding 1 part of the concentrated 
acid to 6 parts of water. Caution. Never add water to the 
concentrated acid. 
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153 . How Acids Are Prepared. There are two more or 
less general methods of preparing acids. The first one was 
mentioned in the study of water. 

1. No7i-metalUc oxides and water. We learned that car- 
bonic acid may be prepared by dissolving carbon , dioxide in 
water. The reaction represented by the equation, 

CO2 + H2O 4:^ H2CO3, 

is reversible. If we heat the carbonic acid, H2CO3, it will 
decompose into water and carbon dioxide. We have really 

dehydrated the acid. The car™ 
bon dioxide is called an acid 
anhydride. The oxide of a 
non-metal that will combine 
with water and form an acid is 
called an acid anhydride. 

Sulfur trioxide, SO3, is also 
an acid anhydride. When 
this compound is added to 
water, sulfuric acid is formed. 
The equation follows: 

S03 + H20-->H2S04. 

2 . Action of sulfuric acid 
upon salts. If we examine 
the formula for hydrogen 
chloride, HCl, we see that it 
contains positive hydrogen 
and negative chlorine. Sulfuric acid contains positive hy- 
drogen, and sodium chloride contains negative chlorine. 
Hence it seems possible to use the two to make hydrogen 
chloride. Experiment shows that the assumption is correct. 
(See Fig. 105.) Since sulfuric acid in a rather concentrated 
solution contains the (HS 04 )'“ radical, which has a negative 
valence of 1, we may write the equation as follows: 



Fig, 105. — Laboratory prepara- 
tion of hydrogen chloride and hydro- 
chloric acid. 
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Na+Cl“ + H^1HS04 )~ Na+(HS 04)"" + 

The gasj hydrogen chloride^ is driven off by the heat; and 
absorbed in pure water to form hydrochloric acuL 
Nitric acid, HNO3, is made in a similar manner.' All 
nitrates contain the NO3 radical, but the cheapest nitrate is 
sodium nitrate, NaNOs, a compound found extensively in 
Chile, If we heat this compound, sometimes called Chile 
saltpeter^ with sulfuric acid, a reaction, occurs which may be 
represented by the following equation: 

NaNOs + H(HS04) Na(HS04) + HNO3. 

The 'nitric acid is vaporized by the- heat used; but the 'teiii- 
perature is not high enough to vaporize the sulfuric acid,. 

Many acids may be prepared by heating with sulfuric acid 
a salt of the acid one wishes to prepare. There are several 
reasons for using sulfuric ...acid: (1) It. supplies the hydrogen- 
needed for the acids: (2) It is fairly stable. (3) It is the 
cheapest acid. (4) Its boiling point is higher than that of most 
acids. If 'sulfuric acid vaporized or Recomposed at a tem- 
perature lower than that needed to vaporize other acids, 
the acid that is being prepared would be contaminated by 
either the sulfuric acid itself or by its decomposition products. 

164. General Physical Properties of Acids. In physical 
appearance acids differ greatly.,. Some are colorless gases; 
others are colorless liquids. ' Citric,, tartaric, boric, and 
oxalic acids are: white, ' Crystalline solids. Picric acid is a 
yellow, crystalline solid; Acids are water soluble. 

166. General Characteristics ' of Acids. In their chemical 
behavior, acids have many ■' properties : or characteristics in 
common: (1) They all contain hydrogen. The student will 
recall that when Lavoisier named. he thought that it 
was present in all acids. Oxygen is found in many acids, but 
it is the hydrogen in the acid that gives it its acid properties. 
(2) Acids have a sour taste. We know that lemons, grape 
fruit, and tomatoes are sour. The sour taste is so closely 
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associated with acids that we frequently use the term ^^.acid 
taste.” If the acids mentioned in Section 152 are to be 
tasted, they must first be made very dilute. (3) If we dip 
a piece of blue litmus paper into an acid solution, the blue 
will turn to red. Litmus is an organic dye extracted from 
lichens that grow along rocky seacoasts. Several other dyes 
serve as indicators; they change color in the presence of an 
acid. We test for acids hy means of indicators; acids turn 
blue litmus red, (4) If we put together in the proper propor- 
tion an acid and a base, each destroys the properties of the 
other. This process is called neutralization. It is common to 
say that acids neutralize bases. (5) From the experiment on 
the preparation of hydrogen, we learned that acids act on 
certain metals, liberating hydrogen and foi'ming a salt. ( 6 ) If 
we put some copper oxide in sulfuric acid, an interaction 
occurs. The equation, 

CuO + H 2 SO 4 CuS 04 + H 2 O, 

is typical of the behavior of acids. They act on the' oxides of 
metals and form salts and water. 

166. How Acids Are Named. 1. Binary compounds. 
Acids that contain only two elements take their root from 
the negative element in them; they have the prefix hydro-, 
and the ending -ic. For example, HCl in water solution is 
called hydro-chlor-ic acid. The compound HBr dissolves in 
water; such a solution is called acid. A 

water solution of the compound hydrogen sulfide, H^S, is 
called hydro-sulfur-ic acid. 

2. Ternary acids contain both hydrogen and oxygen. We 
may use the formulas for the various acids of chlorine to 
illustrate the method of naming such acids: 


HCIO4 per-chloT-ic acid. 

HCIO3 chlor~{c acid. 

HClOo chlov-ous acid. 

HCiO hypo-chloi-ous acid. 
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We note that they all contain hydrogen, which is implied 
in the name acid/’ They all contain chlorine of varying 
valence; hence the root chlor is used in all of them. The 
most common oxygen acid is called chlor-fc. There is no 
prefix in this case. That acid which contains more oxygen 
than chlor-ic takes the same ending, but uses the prefix per- 
(thoroughly saturated with). The acid containing one less 
oxygen atom per molecule than the ~ic acid takes the ending 
-ous; for example, chlorous acid, HCIO 2 . That acid which 
contains still less oxygen takes the ending and the 
prefix hypo- (from the Greek word meaning under). 

The student cannot be successful in getting the names of 
the different members of an acid series unless he memorizes 
the formula of the most common acid as a starting point. 
He has had the formula for sulfuric, nitric, and carbonic 
acids. The formula for phoisphoric acid is H3PO4. A study 
of the following table shows that there are some irregularities 
and omissions, due to the fact that some elements do not form, 
the full series of acids: 


Acids Formulas j 

Acids Formulas 

j 

Acids Formulas 

sulfuric H2SO4 
sulfurows H2SO3 
/M/po-sulfuro?./s H2S2O4 

nitride HNOg 
nitrows HNO2 
kijpo-mtTous H2N2O2 

bromic HBrO® 

hypo-hvomoiis HBrO 


B. BASES 

157. The Most Common Bases. As a rule, bases do mot 
occur in nature. The student is doubtless familiar with such 
common bases as agwa ammoma, NH4OH, common lye or 
sodium hydroxide, NaOH, lime water, Ca(OH)2, and milk 
of magnesia, which contains some magnesium hydroxide^ 
Mg(OH) 2 . Sodium hydroxide and potassium hydroxide arc^ 
both white, deliquescent solids, very soluble in water. The 
soluble bases are called alkalis. 
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,158. How Bases Are Prepared. 1. In the preparation 
of hydrogen, we learned that such active metals as sodium 
and potassium displace hydrogen from, water and form bases. 
The equations follow: 

2 Na + 2H2O -H. 2 NaOH + H2 T . 

2K + 2 H 2 O 2KOH + H 2 t . 

One method of preparing bases consists in treating water with 
active metals. 

2. When a mason slakes quicklime, CaO, by adding water 
to it, he is preparing the base, Ca(OH) 2 . The arrows show 
that the reaction, 

CaO + H20^Ca(0H)2, 

is reversible. If we heat the base that is formed, we can 
dehydrate it and form the metallic oxide. This oxide is an 
example of a basic anhydride. The oxide of a metal that will 
unite with water to form a base is called a basic anhydride. 
This furnishes a second method of preparing bases. 

3. Insoluble bases. Suppose we add to a solution of ferric 
chloride a solution of some soluble base, such as sodium 

f hydroxide. The reaction that occurs is shown by the 

equation: 

Fe+++Clr + 3Na+OH- Fe+++(OH)a"- i + 3Na+Cl-. 

The ferric hydroxide, Fe(OH) 3 , is insoluble and it is thrown 
out of the solution as a reddish brown precipitate. Other 
insoluble bases may be prepared by this general method of 
treating a soluble salt containing the metal with some soluble 
base. 

159. The* Characteristics of Soluble Bases. (1) If we 
examine the formulas for all the bases we have studied, we 
find that they contain some metal and one or more hydroxyl 


WHAT IS MEANT BY A NORMAL SOLUTION? 213 


(OH) groups. (2) , Most persons are familiar with the taste 
of milk of magnesia. All soluble bases have a hitter taste. 
(3) Indicators of various kinds are also sensitive to the action 
of bases. Soluble bases turn red litmus blue. The student 
must not confuse such change of color with that caused by 
acids. Neither must one get the idea that all indicators are 
turned blue by bases, for phenoUphthalein is turned red. 
Congo red is red in the presence of a base, but acids turn it 
blue. (4) Suppose we add 10 c.c, of a molar solution of 
sodium hydroxide to 10 c.c. of a molar solution of hydro- 
chloric acid. The following equation shows us what 
happens: . 

NaOH + HCl NaCl + H.O. 

The hydrogen, which is present in all acids, unites with the 
(OH) group, which is present in all bases, and forms water. 
The acid loses its properties and so does the base. Such a 
process is called neutralization. Incidentally, a salt is formed 
at the same time. (5) A solution of a strong base feels 
slippery when it is rubbed between the fingers. This is due 
to the fact that strong bases attack the flesh corrosively. 
They act upon the fatty portions and form soap. Because 
bases attack the flesh, they are said to be caustic. Sodium 
hydroxide used to be called caustic soda. An old name for 
potassiumh.ydTOxide is caustic potash. 

160. How Bases Are Named. The method of naming 
bases is simplicity itself. We merely give the name of the 
metal, followed by the word hydroxide; for example, zinc 
hydroxide, Zn(OH) 2 . At one time hydroxides were called 
hydrates, and the name is still used to a slight extent. 

. ' ★161. What Is Meant by a Normal Solution? In Sec- 
tion 159, we learned that acids neutralize bases. In the 
equation, 

Na+OH“* + H+Cl- Na+Cl“" + H+OH"", 

(16 + 1 ) 1 (1 + 16 + 1 ) 
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we see that one mole of water (18 gm.) is obtained by the 
union of 1 gm. of hydrogen from one mole of HCl, with 
17 gm. of (OH) from one mole of the base, NaOH. Suppose 
we weigh out exactly 36.5 gm. of HCl and dissolve it in 
enough water to make exactly one liter. Such a standard 
solution contains exactly 1 gm. of replaceable (acid acting) 
hydrogen in 1000 c.c., or 1 liter. Chemists call such a solu- 
tion a normal solution of hydrochloric acid, abbreviated 
N’-acid solution. A normal solution of any acid contains 
enough of that acid per liter of solution to yield exactly 1 gm. 
of replaceable hydrogen. In order to make a normal nitric 
acid solution, one would need to dissolve 63 gm. of HNO^ 
(1 + 14 + 48) in enough water to make one liter. To make 
a normal solution of sodium hydroxide, one must weigh 
out exactly 40 grams of the base to get the 17 grams of (OH), 
and dissolve it in enough water to make exactly 1000 c.c. 
A normal solution of any base contains enough of that base per 
liter of solution to yield exactly 17 gm. of hydroxyl {OH). With 
sodium hydroxide, NaOH (23 + 16 + 1), we need 40 grams 
per liter. With potassium hydroxide, KOH (39 + 16 + 1), 
we need 56 grams per liter. 

If 1000 c.c. of a normal solution of any acid is added to 
1000 c.c. of a normal solution of any base, vre shall have 
complete neutralization. In other words, normal acid solu- 
tions neutralize normal basic solutions, cubic centimeter for 
cubic centimeter. It is possible to make up standard solu- 
tions that are 2, 3, or more times normal, or that are 0.1 N, 
0.01 N, or any other fraction. 

★ 162. How the Chemist Uses Normal Solutions. A 
man buys a sample of vinegar and he wishes to know what per 
cent of acetic acid, H(C 2 H 302 ), it contains. He has a solu- 
tion of a standard base that is just 0.1 normal in one burette, 
as shown in Fig. 106. The other burette he fills with vinegar 
to be tested. Next he draws off 10 c.c. of the vinegar in a 
flask, adds to it a few drops of a solution of phenol- phthalein. 
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■which is colorless in acid solution, and then adds, slowly at 
first, and near the end drop by drop, the 0.1 N solution of 
the base until the last drop colors the solution red. The solu- 
tion is now practically neutral. When 
he reads the base burette, he finds that 
it takes just 70 c.c. of 0.1 normal base 
to neutralize 10 c.c. of the acid of un- 
known normality. It is obvious, since 
it takes 7 times as much base as acid, 
that the acid must be 7 tunes as strong. 

Therefore the vinegar contains 0.7~ 
normal acetic acid. From the foi'mula, 

H"^(G 2 H 302 )"" we find that one mole, 
which is 60 gm., contains 1 gm. of re- 
placeable hydrogen. The other hydro- 
gen atoms are in the radical. Normal 
acetic acid contains 60 gm. of acid per 
liter; 0.7-normal acetic acid would con- 
tain 42 (0.7 X 60) gm. per liter, ap- 
proximately 1000 gm. In 100 gm. there 
would be 4.2 gm. of acetic acid, or 
4.2%. In a similar manner, the same 
standard base solution could be used 
to find the strength of any unknown 
acid. A standard acid solution may be used to find the 
strength of any unknown base. 

C. SALTS 

v, ' ASS. ' Characteristics ; of Salts, ■ Because the properties 
of the thousands of salts known to , chemists are so widely' 
divergent, it is difficult to list any general properties. Most 
salts are to a greater or lesser degree soluble in water. The 
nitrates, which are salts of nitric acid, are all soluble. The 
majority of chlorides and sulfates are soluble. Salts are 
usually crystalline solids. Their color varies; the majority 



Fig. 106. — Burettes to 
be used for titration,. 
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of them are white, but cobalt salts are pink, copper salts are 
blue, nickel salts are green, manganese salts are pink, and the 
salts of /cnms iron are green. 

164. How Salts Are Prepared. There are several 
methods that are used in the preparation of salts. Let us 
study several methods of preparing common table salt, 
sodium chloride, NaCl, as typical of reactions that are quite 
general. One must wonder at the marvels of chemistry 
when he stops to think that sodium, a metal that displaces 
hydrogen from water, will burn in a jar of chlorine gas, a 
deadly poison, and form crystals of sodium chloride. (1) By 
direct union of the elements we prepare some salts. 

2Na + CU 2NaCL . 

It is no less wonderful to learn that the same metal, 
sodium, will interact with hydrochloric acid, a poisonous 
corrosive liquid, and form, nothing but sodium chloride and 
hydrogen. (2) Salts are prepa7^ed by substitution of a metal 
for the hydrogen of an acid: 

2Na + 2HC1 2NaCl + Hs T • 

Is it not remarkable, too, that one can take the oxide of 
sodium, Na 20 , and treat it with the same poisonous hydro- 
chloric acid, and have formed nothing but sodium chloride 
and water? (3) Salts are prepared by the interaction of the 
oxide of a metal with an acid. 

NasO + 2HC1 2NaCl + H 2 O. 

And what are we to say when the chemist adds sodium 
hydroxide, or caustic lye, to hydrochloric acid and then 
takes from his beaker nothing but sodium chloride and 
water? Is it strange that persons were mystified by the 
tricks of the alchemists? (4) Many salts are prepared by 
neutralization. 


NaOH + HCl NaCl + H 2 O. 
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Sometimes it is possible to prepare two salts at one time by* 
double decomposition. To accomplish, the separation ^ how- 
ever, one of them must be insoluble and the other soluble. 
If we add to a solution of barium chloride, BaCla, a solution 
of sodium sulfate, Na2S04, metathesis occurs. The equation 
follows: 

BaCb + Na2S04 BaS04 i + 2NaCL 

The barium sulfate is insoluble and may be removed by 
filtration. Then the sodium chloride can be recovered from 
the filtrate by evaporating the excess water. (5) Metathesis 
is sometimes used to prepare two salts at the same time. The 
student should remember that these reactions are typical 
of the methods of preparing salts. While all salts cannot be 
prepared by every one of the general methods given, yet the 
majority of them can be prepared by at least three of them. 

165. How Salts Are Named. Since a salt is really the 
offspring of both a base and an acid, it seems fitting that it 
be named for both its parents. When we look at the formulas 
of the different salts that we have studied, we find that they 
are composed of the metal of a base and either an acid-forming 
element or an acid radical. If we were to neutralize each of 
the acids of the chlorine series listed in Section 156 with 
sodium hydroxide we would have a whole series of salts. 
Without bothering to write the sodium hydroxide factor, 
we may list the separate acids and the salts that would be 
formed from each acid. 

, Acids 

.HGIO4 ' per-chior-fc 
.HCiOs chlor-ic 
HGIO2 chlor-ows 
HCIO hypo-chlor-o^^s 
HCl hydrogen chloride, or 
hydrochloric 




Salts 

NaC104 sodium per-chlor-ate 
NaClOa sodium chlor-a^e 
■NaClOa sodium, chlor-?'te 
NaClO sodium hypo-chloM'^e 
NaCl sodium chlor-fdc 
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From the above table, we may formulate the following 
rule for naming salts: Salts take the name of the metal of the 
base from which they were formed; they take the same root a7id 
prefix as the acid, but the acid ending ^Hc^^ is changed to ate 
and the ending ‘^ous” is changed to ^ Hie The salt from a 
binary acid ends in ‘Hde” 


SUMMARY 


Acids occur in green fruits, in citrous fruits, in tomatoes, and 
in soils. Nitric, hydrochloric, and sulfuric acids all find use in the 
industries. Some acids are gaseous; others, liquid; and still 
others, solid. 

Acids are prepared: (1) By the union of the oxide of a non- 
metal, or acid anhydride, with water. (2) By treating a salt of 
the acid that is desired with sulfuric acid. 

Sulfuric acid is used in preparing other acids for the following 
reasons: (1) It supplies the needed hydrogen. (2) It is cheap. 
(3) It is stable at moderate temperature. (4) It has a high 
boiling point. As a rule acids have the following characteristics : 
(1) They have a sour taste. (2) They contain hydrogen. 
(3) They turn blue litmus red. (4) They neutralize bases. 

(5) They act on metals forming a salt and setting free hydrogen. 

(6) They interact with oxides of metals and form a salt and water. 
Binary acids are named by using the prefix hydro- SLiid the 

ending -ic with the root of the negative element present in them. 

The most common acid containing oxygen has the ending -ic. 
An acid in the same series containing less oxygen has the ending 
-ous. Whan an acid has still less oxygen than the -ous acid in the 
series, it takes the ending -ous, but uses the prefix hypo-. An acid 
having more oxygen than the -ic acid takes the~fc ending and uses 
the prefix per-. 

All bases contain a metal and one or more hydroxyl (OH) 
groups. Bases are prepared: (1) By the action of active metals 
with water. (2) By the union of metallic oxides (basic anhy- 
drides) with water. (3) Insoluble bases are prepared by treating 
a salt of the base required with some soluble base. 

Soluble bases usually have the following characteristics: 
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(1) They contain hydroxyl (OH) groups, (2) They have a bitter 
taste. (3) They turn red litmus blue. (4) They neutralize acids. 
(5) They attack the flesh corrosively. With fats they form 
soaps. 

Bases take the name of the metal from which they are formed 
and the word hydroxide is then added. 

A normal solution of an acid contains one gram of replaceable 
hydrogen per liter. A normal solution of a base contains 17 grams 
of hydroxyl (OH) per liter. One cubic centimeter of any normal 
acid will exactly neutralize one cubic centimeter of any normal 
base. Normal solutions are known standard solutions. 

Salts may be prepared in several ways: (1) Synthesis. 

(2) Neutralization. (3) Action of an add on a metal. (4) Action 
of an acid with the oxide of a metal. (5) Double decomposition. 

Salts take the name of the metal of the base from which they 
are formed, use the same root and prefix as the acid, and change 
the acid ending -ic to -ate; the ending ~ous to dte. 

QUESTIONS 
Group A 

1. Of what acid is CO 2 the anhydride? SO 2 ? N 2 OS? PsOf,? 
Write the equation in each case for the forming of the acid. Use 
3 molecules of water with the last one. 

2. Take home several pieces of litmus paper and test several 
substances to see whether they are acidic or basic? Make lists 
of those that are acidic, neutral, and basic. 

3. How would you test the soil of your lawn or garden to see 
whether it is too strongly acidic? If you find it strongly acidic, 
how would you remedy the condition? 

4. What is the reason for adding a little lime water to the milk 
that is given to “bottle-fed^’ babies? 

5. The human stomach digests protein in a solution slightly 
acidic due to the presence of hydrochloric acid. What does tlie 
doctor mean when he speaks of a case of “hyper-acidity ”? TVhat 
medicine might a doctor prescribe? 

6. Which one of the bases mentioned in Section 157 would 
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you use to clean a greasy sink? To remove grease spots from a 
rug or from clothing? To neutralize acid stains on clothing? 

7. What solution would you apply to an acid burn? To an 
alkali burn? 

8. Write the name and formula of the salt formed by the 
action of each of the following acids on magnesium? (1) Hydro- 
chloric; (2) sulfuric; (3) nitric; (4) acetic; (5) citric; (6) per- 
manganic; (7) hypochlorous. 

9. What products are formed by the action of each of the 
acids listed in No. 11 upon zinc oxide, ZnO? 

10. Make a list of foods that should not be stored in tin cans, 

11. The following acids have the ending ~ic: iodic, HlOg; 
bromic, HBrOg. Write the names and formulas for as many other 
acids in the series as possible. 

12. Is it correct to speak of sulfuric acid as hydrogen sulfate? 
Of nitric acid as hydrogen nitrate? 

Group B 

13. On milk of magnesia bottles one often sees the word 

antacid. Without referring to a dictionary, give a scientific 

definition of the word. 

14. If sodium hydroxide and potassium hydroxide were the , 
same price per pound, which would you use as a base? Explain. 

15. How many moles of sodium hydroxide are needed to 
neutralize one mole of hydrochloric acid? To neutralize one mole 
of sulfuric acid? To neutralize one mole of phosphoric acid? 

16. What ending would you expect a salt to have if formed by 
the action of hydrochloric acid on a metal? What is the correct 
ending? Why?, 

17. What product would you expect to be formed by the re- 
action of a basic anhydride with an acid anhydride. 

18. Phosphoric acid has the formula H3PO4. Write the 
formula for phosphorous acid. For hypo-phosphorous acid. 

19. From the positions of silver and iron in the replacement 
series, Section 53, will a silver or a steel knife be stained more 
when used for cutting grapefruit? 

20. What weight of sulfuric acid should be used in making up 
one liter of normal sulfuric acid? 
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21. What weight of barium hydroxide should be used in making 
up one liter of 0.01 normal barium hydroxide. 

22. Silicic acid may have the formula H-iSiO-i. How many 
moles of sodium hydroxide are needed to neutralize one mole? 


(d) Ca(OH)2 + HCl ■ 

(e) Ca(OH)2 + HsPO.i ■ 
{/) M(0H)3 + H 2 SO 4 - 


PROBLEMS 
Group A 

1. Balance and complete the following neutralization equa- 
tions: (Remember that the products of such reactions are crater 
and a salt.) 

(a) NaOH + H2SO4 ~> 

(5) NaOH +aP04~> 

(c) Ca(OH)2 + H2SO4 

2. Balance and complete the following; 

(a) A1 + H2SO4 (d) CaO -f HCl 

(b) Na + H2SO4 (e) MgO + H2SO4 -> 

(c) Ca + HCi (/) Na20 + H3P04~> 

3. Give the correct names of all the salts formed in equations 
of Problems 1 and 2. 

4. Write the equations for three methods of preparing the salt, 
potassium chloride, KCl. 

5. Devise three methods for preparing calcium nitrate, and 
write the equations. 

6. Classify the following compounds under one of the five 
headings; (1) acids, (2) bases, (3) salts, (4) acid anhydride, 
(5) basic anhydride: AROH)^; P2O5; H3PO4; H2Cr04; E:Mn04; 
H2F2; HCIO; Zn(OH)2; CaO; KSOz; Wh; KsO; H3PO3; 
NH4OH; SnCL; AuCh. 

7. Give the chemical name for each of the compounds whose 
formulas are given in Problem 6. 

8. How many grams of sodium hydroxide will be required to 
neutralize 85 grams of hydrogen chloride in Avater solution? 

9. How many pounds of sulfuric acid will be needed to prepare 
200 lb. of nitric acid? (See equation in Section 153.) 

10. How many pounds of sodium nitrate will be needed to 
prepare 200 lb. of nitric acid? 
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Group B 

11. How many pounds of ferric hydroxide can be precipitated 
by the action of an excess of sodium hydroxide on 325 lb. of ferric 
chloride? (See equation in Section 158.) 

12. From the equation given in Section 164, calculate the 
number of pounds of barium sulfate that can be prepared from 
500 pounds of barium chloride, which is 95% pure. 

13. How many c.c. of a 0.1 normal base will be needed to 
neutralize 25 c.c. of a 0.5 normal acid? 

14. It is found that 34 c.c. of a 0.5 normal acid solution are 
needed to neutralize the ammonium hydroxide in 10 c.c. of a sam- 
ple of aqua ammonia. Calculate: (1) the normality of the ammo- 
nium hydroxide; (2) the number of grams of ammonium hydroxide 
in one liter of the sample; (3) the percentage strength of the 
sample. 

15. Calculate the per cent of iron in both FeO and Fe 203 . 
Keeping in mind the fact that the ending ^ous’ means Hull of,^ 
explain why FeO is called ferrous oxide. 

16. One hundred pounds of sodium hydroxide are added to 
100 lb. of hydrochloric acid. How many pounds of sodium 
hydroxide, or, hydrochloric acid must be used to produce com- 
plete neutralization? 
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CHAPTER 15 

THE ATMOSPHERE 

Vocabulary 

Liquefy. To change from either a gas or a solid to a liquid. 

Inert. Not active chemically. 

Diluent A substance that dilutes another. 

Guano. The excrement from sea-fowl. 

Weather. {Verb.) To change solid rock into loose rock or soil 

Hygrodeik. An instrument used to read relative humidity dire(5tly. 

Caisson. A closed compartment in which men can work under- 
ground or under water. 

Rectifier. A device that changes alternating current to direct 
current. 

A. THE AIR 

166. Introductory. While the terms and “at- 

mosphere'^ have a slight difference in meaning, they are 
often used interchangeably. We have spoken of the impor- 
tance of the air in our discussion of oxidation and combustion. 
We know that a part of this colorless, odorless, tasteless gas 
that we call “air" is oxygen. It cannot be composed wholly 
of oxygen, however, since pure oxygen is much more active. 
Then, too, one liter of air weighs 1.29 gm., considerably less 
than the weight of one liter of oxygen. Compared with the 
weight of one liter of water, 1000 gm., air seems very light 
and the expression “as light as air" is a common one. Al- 
though air is only about tIt as heavy as water, yet a good- 
sized schoolroom contains several hundred pounds. 

167. Constituents of the Air. In addition to oxygen, the 
air contains nitrogen^ argon, carhon dioxide, water vapor, and 
several rare gases. Since other gases are naturally escaping 
into the air, traces of hydrogen sulfide, H 2 S, sulfur dioxide, 

m 
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SOa, ammonia, NHsjand other gases are present as impurities 
in certain localities. Ozone is formed in small quantity 
during thunderstorms. Particles of dust, bacteria, and 
smoke are always present in the air. The average per cent 
by volume of the more important constituents is as follows: 

Per cent 


Oxygen 21 

Nitrogen 78 

Carbon dioxide 0.04 

Argon 0.94 


Water vapor, varies from a small fraction to as high as 2%. 

168. How to Prove That Air Is a Mixture. Several 
proofs may be given that air is a mixture and not a chemi- 
cal compound: 

1. The composition of the air varies slightly in different 
localities, and in the same locality at different times. We 
know that a compound always has a definite composition 
by weight. 

2. If we mix the constituents in the same proportion in 
which they are found in air, there is no evidence of any 
chemical action, such as the evolution of heat and light. 

3. If we take a sample of air that has been dissolved in 
water and analyze it, we find that it is about one third oxygen 
instead of the one fifth that is found by analysis of undis- 
solved air. In other words, the oxygen of the air must be 
more soluble than the other constituents. A compound does 
not have its composition changed by dissolving it in water. 
Therefore the air, which does, must he a mixture. 

4. When liquid air boils, the nitrogen boils off first, leaving 
the liquid oxygen. If air were a compound, all the con- 
stituents would boil off at the same time and in the same 
proportion. 

Other proofs can be given to show that air is a mixture, but 
since its composition is not definite, since there is no evidence 
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of any absorption or release of energy when the constituents 
are brought together, since dissolved air has a different 
composition from undissolved air, and since the boiling 
point of air is not constant, we have abundant evidence that 

air is a ' mixtum '. 

169. What Is Liquid Air? wl 

air a gas merely because they exure of oxygen and nitrogen. 

temperatures. Water become 

temperature is raised. Iron m: ~ 

or it may even be changed into. ^ ..... . m-v 

a sufficiently high temperature ^ 

are sufficiently cooled, they I t | 

of gases, is cooled it becomes h | |]^L ' 

liquid air mist was first prepar- ^ 

Cailletet and Pictet. In 1883 ■. I ■ ' 

Poland prepared -a considerable I | i 

after that date, it began to be ' « ' i ^ ' 

fessor Dewar in London. | I 

170. How Air Is Liquefied.-. | I 

Faraday learned that certain | 

cooling them and compressii ir 1 il 

them at the same time. He use — L I li 

an apparatus like that shown : ^ 

Fig. 107 to liquefy chlorine. T1 

chlorine was enclosed in a thic;,,,^,!^ fo,. uquefying air. 

walled, sealed tube. When oi 

end of the tube was packed imwer boiling point of the two, 
freezing mixture to cobl the galy pure oxygen. At the same 
the other end of the tube was heated. Ihrexpansion of the 
gas in this end of the tube compressed the chlorine in the 
other end of the tube until some of it liquefied. 

1. The physical principle. Those gases that BVaday 
could not liquefy by his method he called gases. (See 
Fig. 108.) By the use of better methods of cooling, all gases 
have now been liquefied. If we open the valve of an inflated 
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tire and hold one hand in the escaping gas, we notice a 
marked cooling effect. Cooling always occurs when gases 
expand. Heat is produced when gases are compressed. To 
liquefy gases, then, it is necessary to compress them, so they 
will expand rapidly when the pressure is released. The heat 
, — — ■ — of compression maybe taken 


away by cold water surround- 
Nitro«-en. , \ \ compressor. Rapid 

Carbon dioxide expansion may cool the re- 

Argon ' maining part of the gas to the 


Water vapor, varies from temperature at which it will 
liquefy. 

168. How to Prove That 2. T/iepraciSicc. Bythe useof 
proofs maybe given that air apparatus like that shown 
^al compound: ^ ^ ]^q 9 jg com- 

1 . ^ The composition of the pressed by means of a pump, 

localities, and in the same k ^ pressure of from 3000 lb. to 
know that a compound alwa 4000 ib. per sq. in. may be 
by weight. ^ used. The hot, compressed. 

2 . If we mix the constitm then flows through a coiled 
which they are found in aii pipe that is surrounded by cold 
chemical action, such as the ^ater to absorb the heat. As 

3. If we take a sample of ^^e gas flows out through a 
water and analyze it, we find t ^leedle valve, it expands rapidly 
instead of the one fifth that gj^j^d becomes cooled. This 
solved air. In other words, cooled gas then flows back 
more soluble than the other o through the outer of two con- 
not have its composition cha centric pipes and cools some 

of the gas in the inner pipe 
still more before it expands. When it expands, it is cooled to 
a still lower temperature. This process is repeated until the 
critical temperature is reached, a temperature to which a gas 
must be cooled before it can be liquefied by any pressure, 
no matter how great. This temperature is about — C. 
for air. At such a temperature, with the high pressure 
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usedj the gas begins to liquefy. Figure 110 shows a row ■ of 
compressors for use in making liquid' air at the Government 
plant' at Muscle Shoals, Alabama.. 

, 171. Properties of Liquid Air. Liquid air resembles 
water in its appearance. Under ordinary atmospheric pres- 
sure, it boils at about ~ 190® C. Its boiling point is not 
constant, because it is a mixture of oxygen and nitrogen. 


Fig. 109. — Linde’s apparatus for liquefying air. 


Because the nitrogen has the lower boiling point of the two, 
it boils away first, leaving nearly pure oxygen. At the same 
time the temperature rises to about — 18f5® C. 

At such low temperatures, alcohol and carbon dioxide 
solidify. Mercury becomes frozen so hard that it can be 
used as a hammer to drive nails. A rubber ball immersed in 
liquid air, and then thrown on the floor, breaks as if it were 
made of glass. Tin becomes brittle, and lead elastic. If we 
put a piece of ice into a vessel of liquid air, the liquid air is 
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Fig. 110. — Compressors for making liquid air. 


likely to boil over, because the ice is so hot in comparison. If 
one stops to think that boiling water is only 100 Centigrade 
degrees hotter than ice, and that ice is about 190 Centigrade 

degrees hotter tha7i liquid 
/ I mV, he may get a clearer 
I idea of the extremely 

low temperature of this 
liquid. 

■ Ififfi 172. How Liquid Air 

Stored, Since liquid 
air boils vigorously in 
an open vessel standing 
. 1 on a cake of ice, it is 

difficult to store it with- 
Fig, 112. — Thermos out great loss. Dewar 
bottle. devised a flask, or 

double-walled bottle like that shown in Fig. Ill, for storing 
liquid air for a few hours. The space between the walls is 
a vacuum, so that heat from the outside will not be con- 


Fig. 111. — Dewar 
flask, cross-section. 
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ducted through the walls to' the liquid. But heat raySj 
such as -we receive from the sun, will penetrate both the 
glass and the vacuum. To prevent such rays from, going 
through, the gHss is silvered. The thermos bottle, Fig. 112, 
is constructed on the same principle. 

173. Uses for Liquid Air. Liquid air is used to produce 
very low temperatures. We have already learned that it is a 
source of oxygen for commercial use. The nitrogen which 
boils off first finds use in filling electric bulbs and for mahing 
nitrogen compounds to be used either for fertilizer or in the 
manufacture of explosives. It is also a source of neon and 
argon. 

B. NITROGEN 

174. The Bulk of the Air Is Nitrogen. Lavoisier’s experi- 
ment, as described in Section 34, showed that about 80%> 
of the air is inactive and will not combine with mercury. 
In 1772 nitrogen was discovered by Rutherford of Edinburgh. 
When Priestley put a live mouse in oxygen, it became very 
active; but when Rutherford put a live mouse in nitrogen, 
the mouse died. It was Lavoisier 'who named the gas azote 
(from the Greek words a and zos meaning “not life”). 
Because it is found in niter, or saltpeter, it was given the 
name “nitrogen.” 

175. How Nitrogen Is Prepared. 1, F^vin air. We 
have already learned that the first gas that boils off from, 
liquid air is nitrogen. That method is the one used in the 
commercial preparation of nitrogen. The nitrogen is not 
very pure when prepared by this method. 

In the laboratory we may prepare nitrogen, contaminated 
with small percentages of other gases, by removing the 
oxygen from ordinary air. Several elements may be used 
for this purpose. If air is passed over hot copper gauze, the 
oxygen unites with the copper, and nitrogen is left. Other 
elements that can be used include mercury, carbon, or 
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phosphorus. If carbon is used, the nitrogen is contaminated 
with the carbon dioxide that is formed. We may put a little 
phosphorus in a crucible, float the crucible on water, ignite 
the phosphorus, and immediately put a 
bell-glass over the crucible, as shown in 
Fig. 113. As the phosphorus unites with 
the oxygen of the air in the bell-glass, 
dense white clouds of fine particles of 
phosphorus pentoxide are formed. They 
dissolve in the water, which rises in the 
bell-glass to take the place of the oxygen 
that was removed. Nitrogen is left in the 
bell-glass. Incidentally, this method may 
be used to find the per cent of oxygen pres- 
ent in the air. 

2. From a7nmonmm nitrite. Pure ni- 
trogen may be obtained by heating 
ammonium nitrite, NH4NO2. This compound decomposes 
directly into nitrogen and water. 

NH4NO2 N2 T + 2 H 2 O. 

In actual practice the nitrogen is prepared by heating a 
mixture of ammonium chloride and sodium nitrite, because 
ammonium nitrite may decompose explosively. These two 
compounds form the ammonium nitrite, which decomposes 
more slowly and yields the nitrogen. The equation that 
follows shows that the reaction probably proceeds in two 
steps, the second step being represented by the downward 
slanting arrow: 

NH4CI + NaN02 NH4NO2 + NaCL 

N2 T + 2H2O. 

176. Physical Properties of Nitrogen. Nitrogen is a 
colorless, odorless, tasteless gas. It is slightly lighter than 



Fig. 113. — The 
gas left after the 
oxygen is removed is 
largely nitrogen. 
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air and slightly soluble in water. Nitrogen is not poisonous, 
but animals die in it from oxygen 'starvation. 

177. Chemical Behavior of Nitrogen. ' Nitrogen is an 
inert gas. It neither burns nor supports combustion. During 
electrical storms, the lightning causes some nitrogen and 
oxygen to combine to make the compound nitric oxide, NO. 
In Norwa}^ use is made of this property of the electric spark 
in order to make nitric acid. The process is discussed in 
Section 199. By the use of a suitable catalyst nitrogen can 
be made to combine with hydrogen to form ammonia, NH 3 . 
This process was devised by Haber, a German chemist. It 
is discussed in Section 193. 

At high temperatures a few active metals, such as al- 
uminum and magnesium, unite with nitrogen and form 
nitrides. Magnesium nitride, Mg 3 N 2 , interacts with water 
to form ammonia. This reaction serves as a test for nitrogen. 
To make the test for nitrogen, introduce the heated mag- 
nesium to form the nitride. Then when the water interacts 
with the nitride, the ammonia may be detected by its odor. 

While compounds of nitrogen are usually formed with 
some difficulty, many of them are unstable and quite easily 
decomposed. Nearly all modern explosives are made of 
nitrogen compounds. They liberate large quantities of gas 
suddenly; hence their decomposition is very violent. Nitro- 
glycerine, T. N. T,, picric acid, and nitro-cellulose (smoketes 
powders), are examples of nitrogen compounds that explode 
with great violence. 

178. Nitrogen Is Very Useful. Nitrogen in the air is a 
diluent. It makes combustion less rapid in air than in pure 
oxygen. It also gives bulk to the air, increasing its buoyant 
force and its pressure. 

Nitrogen is used for filling electric bulbs; enormous 
quantities of nitrogen are also used in the manufacture of 
ammonia and nitric acid. Plants need nitrogen to make 
proteins, or albumin. They cannot use free nitrogen from the 
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howovBrj but must obts-in it from tho ^itT0Q6n coinpotinds 
in the soil. The nitrogen cycle in nature is a most important 
one. From the soil plants secure nitrogen compounds, water 
and mineral matter, and with the carbon dioxide obtained 
from the air, they make proteins, or plant albumin. As decay 
occurs ammonia, nitrites, and nitrates are formed and re- 



stored to the soil to be used for subsequent nutrition of 
plants. (See Fig. 114 .) 

Very often this natural cycle is interfered with, the plants 
being used for animal food and transported long distances; 
thus the mtropn is removed from the soil and not returned 
by decay. The soil becomes impoverished and new crops 
canno e grown unless some artificial fertiliser is used to 
take the place of the natural fertilizing process. The follow- 
ing are some of the most important methods used by farmers 
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for putting nitrogen back into soils that have lost their 
fertility: 

1. Refuse. All plant and animal compounds contain 
nitrogen compounds upon which plants can feed. Ground 
bone, offal, and scrap from slaughter houses, refuse from fish 


Fig. 1 15. — Chlorine cylinders for sewage purification. 


canneries, garbage, sewage, guano, and barnyard manures 
are common materials used as fertilizers. 

Both garbage and sewage are often wasted, and in many 
cities large sums of money are paid for the disposal of those 
products. In some cities both are dumped into rivers, lakes, 
or the ocean. Garbage is often incinerated. Some progres- 
sive cities have garbage reduction plants. Fats and grease 
are recovered from the garbage by treatment with steam or a 
petroleum solvent, and used for making soap. The solvent is 
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recovered and used over and over again. The nitrogen- 
bearing residues which are insoluble are dried and sold to 
fertilizer manufacturers under the name of tankage. Some 


J. Russell Smithy Commerce and Industry y by permission 

Nodules containing bacteria that take nitrogen 
from the air. 


cities sterilize their sewage by aeration or the use of chemicals 
and then sell it for use as a fertilizer. Figure 115 shows cylin- 
ders of chlorine that are being used to purify sewage by 
destroying bacteria. 
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2. Crop rotation. We have seen that the continued plant- 
ing of a single crop that is removed from the farm year after 
year leaves the soil impoverished. There are certain crops, 
however, that the farmer can grow which put nitrogen com- 
pounds into the soil. Peas, alfalfa, beans, and clover all have 
small nodules on their roots. (See Fig. 116.) Bacteria that 
are friends to man grow in these nodules. These bacteria in 
an alkaline soil can take free nitrogen from the air and con- 
vert it into compounds that plants can use. For breathing we 
must have free oxygen and we would die in water which is 
88% oxygen, but in combination. Plants live in air that is 
78%/rcc nitrogen, but they cannot take it from the air; they 
are wholly dependent upon nitrogen compounds which can be 
taken in through the roots when dissolved in the soil water. 
By planting a crop of clover, cow peas, or soy beans every 
four or five years, the farmer has a fodder crop and at the 
same time he is putting nitrogen into his soil through the 
friendly aid of these bacteria. Some Experiment Stations 
grow these bacteria and supply them to farmers for inocu- 
lating seeds before they are put into the ground. 

3. Nitrate beds. In South America, principally in Chile, 
extensive beds of sodium nitrate have been discovered in the 
desert regions. These beds have for a number of years been 
an important source of sodium nitrate for use as a fertilizer 
or for making explosives. 

4. Nitrogen compounds made artificially. Taking free 
nitrogen from the air and converting it into compounds is 
commonly known as nitrogen fixatim^ or nitrification. Several 
processes are novr in use, : :The processes of making nitrogen 
compounds are discussed in later chapters. In 1903, Chile 
supplied as sodium nitrate about 63% of the combined nitro- 
gen used, a total of 435,000 tons. In the year 1933, more than 
120 plants, operating in 19 countries, made 1,700,000 tons 
of ^artificiaT nitrogen, wx)rking at 50% capacity. Chile 
supplied one-tenth that amount. 
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C. CAIBON DIOXIDE , 

179. Introductory, It was Joseph Black, a Scotch chemist,, 

If who first noticed that carbon dioxide is different from the 

! ■: other gases found in air, and from air itself. He called the 

gas ^^fixed air.” , Since we know that animals exhale carbon 
dioxide to the air, and that one of the products of ordinary 
combustion is carbon dioxide, common sense tells us that 
there must be .carbon dioxide present in. the air at all times. 

180. Factors that Increase the Amount of Carbon Di- 
oxide in the Air. The amount of carbon dioxide in outdoor 
air is about 4 parts in 10,000, and the percentage varies only 
a little. Over some cities, it may reach as much as 7 parts 
in 10,000. There are three important factors that are re- 
ducing the per cent of oxygen in the air and increasing the 
per cent of carbon dioxide: (1) All fuels contain carbon. 
When carbon burns in a sufidcient supply of air, carbon di- 
oxide is formed. Every ton of carbon that is burned takes 
2| tons of oxygen from the air, and gives off 3| tons of car- 
bon dioxide to it. (2) Practically all animal foods contain 
carbon. The slow oxidation that occurs during the respira- 
tion of animals forms carbon dioxide, which is exhaled to the 
air. Hence, animals during breathing are reducing the 
amount of oxygen and increasing the amount of carbon 
dioxide. (3) When vegetable and animal matter decay, one 
of the products formed is carbon dioxide. This gas finds its 
way to the air, and helps to increase the percentage already 
present. 

181. Factors ■ that , Decrease the Amount of Carbon Di- 
oxide in the Air. We have learned that the per cent of 
carbon dioxide in the air remains nearly constant, despite 
the fact that there are three factors that are constantly 
increasing the amount. It follows that there must be some 
important factors at work reducing the amount. There are 
two important ones: (1) Some of the carbon dioxide dis- 
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solves in water, and this solution acts like a weak acid.' It 
attacks the rocks ' of the earth^s crust as they weather, or 
disintegrate, and carbonates are formed. Thus the carbon 
dioxide becomes a part of soils and rocks. (2) All plants that 
have green coloring matter in their leaves or other tissues 
take in carbon dioxide and give off oxygen during the 
process of making starch. Figure 117 shows how a leaf acts 
as a starch factory. The raw materials include carbon dioxide 



Fig. 117, — A green leaf is a factory fitted to 
manufacture starch. 


from the air, and water that enters through the roots. The 
energy is the sunlight. Hence this process is called photon- 
synthesis (from the Greek words phos, meaning ‘ ^ light and 
sunthesisy meaning ‘'^putting together^O- green color-* 
ing matter in the leaves serves as the machinerF, and the 
W'aste material is oxygen, which is given back to the air. 

182* The Oxygen- Carbon Dioxide Cycle. We have had 
mentioned three ways in which the amount of carbon dioxide 
in the air is being increased constantly. We have also 
studied two ways in which the amount is being reduced. 
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The part played by plants and animals is shown : in the 
diagram of Fig. 118. The plants make our foods for us, and 
they take carbon dioxide from the air and give oxygen back 
to the air. Animals eat the foods that plants manufacturcj 
take oxygen from the air, and give back to the air the carbon 
dioxide which is needed by plants in their work of making 
starch. Hence, animals and plants are mutually dependent. 
The oxygen-carbon dioxide cycle may be briefly stated: 



Animals inhale oxygen and exhale carbon dioxide; plants 
absorb carbon dioxide during photosynthesis and give out 
oxygen. Plants do breathe the same as animals, but in sun- 
light the amount of carbon dioxide they use is much greater 
than the amount they exhale. 

183. How to Test for Carbon Dioxide. If we blow our 
breath through lime water, a white precipitate of calcium 
carbonate, CaCOs, is formed. This milky white precipitate 
formed when a gas is bubbled through lime water serves as a 
test for carbon dioxide. The chemical equation follows: 

Ca(OH )2 4* CO 2 CaCOs + H 2 O. 
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D, WATER VAPOR 


184. Water Vapor in the Air. Deliquescent substances 
become wet when exposed to the air. A glass of ice 
water standing in a warm room soon becomes covered 
with drops of water. These tests, as well as the fact that 
rain falls occasionally, show that the air contains water 
vapor. 

The amount of water vapor the air can hold is its capacity. 
It is usually expressed in grains per cubic foot. The ca- 
pacity increases as the temperature rises. The amotmt of 
water vapor the air does hold at a given time is called its ab- 
solute humidity. Absolute humidity is expressed in grains 
per cubic foot. The absolute humidity of outdoor air de- 
pends upon several factors, but chiefly upon proximity to a 
large body of water from which evaporation may occur. 

7,-7 . 7 . 7 absolute humidity ^ 

The relative humidity equals Raising the 

capacity 

temperature decreases the relative humidity and the air feels 
drier since the capacity is increased by a rise in temperature. 
Lowering the temperature lowers the capacity and increases 
the relative humidity, making the air feel damp. When the 
relative humidity become 100%, the dew-point is reached. 
A further cooling of the air then results in precipitation of 
some of the moisture as rain, snow, etc. 

A high relative humidity makes the heat oppressive in 
summer and the cold seem more severe in winter. We say 
the air is ‘^heavy.” In reality it is “light,” since 1 liter of 
water vapor at standard temperature and pressure weighs 
only 0.81 gm. When the relative humidity is too low, the 
perspiration evaporates rapidly and the skin feels dry; 
when the relative humidity is very high, the perspiration 
does not evaporate and the skin is clammy and sticky 
We are most comfortable when the relative humidity is 
from 40% to 60%. 



, 185. What Is Meant by Air-conditioning? The average 
adult eats about a ton of food every year, but in the same 
period of time he breathes over six tons of air. Much money 
and effort are spent in keeping his food clean and wholesome, 
but relatively little attention is given to the proper condition- 
ing of his air. 

At one time it was believed that we must ventilate our 
living and sleeping rooms because the increase in the per 
cent of carbon dioxide made the air unfit to breathe, Wt 

research work has shown 
that it is not the carbon 
dioxide that causes dis- 
comfort in poorly venti- 
lated rooms. The en- 
gineer learned that the 
humidity of the air in a 
factory has much to do 
with the spinning of cot- 
ton or rayon. In turning 
his attention to air-con- 
ditioning for man, he 
finds that four things are 
, necessary for man’s health 

and comfort: 1. The air 
- must be warmed in mdnter 

Man can adapt himself 
to extreme temperatures, but he does his best work when 
the temperature range is from 63° F. to 75° F. 2. The rela- 
tive humidity should not be less than 30% nor more than 
70%, preferably between 40% and 60%. One frequently 
hears an uncomfortable person say: “It is not the heat, but 
the humidity.” (See Fig. 119a.) 3. The air should be fil- 
tered to remove the dust particles and bacteria that are 
always present in the air. The accumulation of dust par- 
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A view showing the different parts of an air-conditioning unit. 
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tion of the finely divided tungsten which would condense 
upon it. The argon is too lazy to unite chemically with the 
tungsten, and. it gets in the way of tho' tungsten particles 
that are trying to escape from the filament. Argon also finds 
use for filling the bulbs used in making tungar rectifiers for 
charging storage batteries. 

188, Discovery and Preparation of Helium. It is in- 
teresting to learn that an element may be found in the sun/s 
atmosphere before anyone finds it on the earth. But by the 
use of the spectroscope, in 1868 Sir Norman Lockyer dis- 



Fig. 122. — Compressor used at Fort Worth, Texas, 
for liquefying helium. 


covered helium in the sun^s atmosphere. The gas was 
named helium, from the Greek word helios^ which means 
It was 27 years later that it was found by Sir Wil- 
liam Ramsay to be one of the constituents of our atmosphere, 
(See Fig. 121.) 

Prior to the World War, helium sold at the rate of about 
$1700 a quart. When its importance for military purposes 
was realized, search was made for a more abundant supply. 
In some of the natural gas wells of Kansas, Oklahoma, and 
Texas, the gas was found to contain 2% or more of helium,. 
Figure 122 shows a compressor used for obtaining helium 
from natural gas. By the use of such compressors, everything 
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except the helium is liquefied by compression and cooling. 
In this manner helium may be separated from the other 
constituents of natural gas at a cost of less than 2ji per cu. ft. 

189. Properties and Uses of Helium. Although helium 
is about twice as heavy as hydrogen, it is more than 92% 
as efiieient as a buoyant agent. The student must remember 


— Steel cylinders used for storing helium. 


that the so-called buoyancy of a gas is equal to the difference 
in weight between a given volume of air and the same volume 
of the gas. Helium is non-flammable. Since it cannot be 
kindled by incendiary bullets, or by any other means, it is 
almost an ideal gas for use in dirigibles. The United States 
appears to have almost a monopoly on the supply of helium. 
When the Los Angeles was brought to the United States 
from Germany, the hydrogen was removed from its gas bags, 
and they were filled with helium. Figure 123 shows steel 
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cylinders used for storing helium, and Fig. 124 shows a huge 
cylinder used for its transportation. 

Helium forms no compounds. It is the most difficult gas 
to liquefy. Its boiling point is — 268.5° C., as determined 
by Kamerlingh Onnes who first liquefied helium in 1908. 
By evaporating frozen helium, de Haas obtained a tempera- 




Courteay of U. S. Navy 

Helium is transported from the gas-wells to Lakehurst, 
New Jersey, in such cylinders. 


ture within 0.003 of a Centigrade degree of Absolute zero. 
The freezing point of helium is — 272.2° C. 

Divers and men who work in caissons for constructing 
tunnels or under-water piers are forced to work in an atmos- 
phere of compressed air. Under such conditions, nitrogen 
dissolves in the blood and even in the spinal cord. If the 
high pressure is released too quickly, bubbles of nitrogen are 
formed in the blood and tissues of the body. This causes 
^ ^caisson disease, or 'The bends, and the men may collapse 
or even die from it. To prevent such a disease, the men are 
kept in decompression chambers for some time, and the 
pressure is there reduced gradually. Now helium and oxygen 
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are being used in such chambers, because helium is less soluble 
than nitrogen in the blood and tissues of the body, and it is 
released more rapidly when decompression occurs. The 
workmen are thus brought back to normal pressure more 
quickly and more safely. (See Fig. 125.) 

190. The Rare Gases. By fractional distillation of the 
gases remaining after the removal of oxygen, nitrogen. 


water vapor, and carbon dioxide from the air, Ramsay dis- 
covered three other gases present with the argon that was 
left. These gases were named neon (from the Greek word 
neos, ^^new^O? (from the Greek kruptos^ hidden^’) 


Courtesy of U.S. Bureau of Mines 


Fio. 125. — Note the apparatus for use in the decompression chamber 
in which divers are placed. An oxygen-helium mixture of gases is used in 
the chamber. The valves can be controlled from the inside or the outside. 
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trate fog better than other light. Hence neon lamps are 
being used as beacons for aviators. 

In a tungsten lamp it takes a fraction of a second for the 
filament to begin to glow, and a fraction of a second for it to 
stop glowing. The light from a neon lamp does not lag in 
this manner, but it is on instantly and off instantly. This 
behavior makes it suitable for use as a light in television 
apparatus. Any fluctuations in the light at the transmitting 
end of the apparatus produce instantly the same fluctuations 
in the neon lamp at the receiving end. 

SUMMARY 

Air has weight and it exerts pressure. Nearly 99% of the air 
is made up of nitrogen and oxygen. Argon occupies about 0.9 
of 1%. There are small quantities of carbon dioxide, water vapor, 
argon, neon, krypton, and xenon. 

Air is a mixture: its proportion varies slightly ; it dissolves as 
a mixture; it boils as a mixture. 

By compression and cooling, air may be liquefied. Liquid air 
has a very low temperature. It is used as a commercial source of 
nitrogen, oxygen, argon, and neon. 

Nitrogen maj^ be obtained from the air by removing the oxygen 
with some chemical, such as phosphorus or copper. Pure nitrogen 
is prepared by heating a mixture of ammonium chloride and 
sodium nitrite. 

Nitrogen is colorless, odorless, and tasteless; it is non-poisonous, 
but animals die in it from suffocation. Nitrogen is slightly 
soluble in water, and slightly lighter than air. 

Nitrogen neither burns nor supports combustion. It is difficult 
to make it combine with other elements, and its compounds are 
not very stable. Under proper conditions, nitrogen may be made 
to combine with hydrogen to form ammonia; with oxygen to 
form nitric oxide; or with magnesium or certain other metals to 
form nitrides. 

To test for free nitrogen, we heat the gas with magnesium. If 
nitrogen is present, it will unite with the magnesium and form 
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magnesium nitride which in turn will form, ammonia with water. 
The ammonia is detected by its odor. 

Nitrogen compounds are needed by plants to form proteins. 
Such compounds are obtained from decaying plant and animal 
tissues. They occur to some extent in nature. They are made 
by some bacteria. Man has learned to take nitrogen out of the 
air and make it into compounds for the use of plants. The 
process is called niirijicaiion^ or niiTogen-jixation. 

Plants take in carbon dioxide and give out oxygen; animals 
inhale oxygen and exhale carbon dioxide. This exchange forms the 
oxygen-carbon dioxide cycle. 

The fact that carbon dioxide will interact with lime w’^ater and 
form a milky, white precipitate serves as a test for carbon dioxide. 

Humidity refers to the presence of water vapor in the air. 
The amount of water vapor air can hold at a given temperature is 
its capacity. The amount of w'ater vapor the air actually does 
hold is its absolute humidity. The relative humidity is the ratio of 
the absolute humidity to the capacity. It tells us how many 
per cent full the air is of moisture. 

Argon is a lazy, inactive element found in the air. It finds use 
in gas-filled electric bulbs. 

Neon, krypton, and xenon are rare gases found in the air. Neon 
finds some use in advertising signs, and in lights for airport 
beacons and for television apparatus. 


QUESTIONS 

Geoxjp a 

1. How would you prove that air is a mixture? 

2. Why does liquid air boil so vigorously when poured on a 
cake of ice? , 

3. Why does liquid air become blue when it stands for some 
time? Explain why a piece of burning charcoal will continue 
burn vigorously if held under such liquid, 

4. Why do the properties ofmitrogen' prepared from ammo": 
Ilium nitrite differ from those of the nitrogen obtained by removal 
of the oxygen from the air? 
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6. What is meant by nitrification, or nitrogen fixation? Ex- 
plain why the process is so important. 

6. How can the oxygen be removed from ordinary air? 
How would you remove the nitrogen from air? 

7. What is the test for nitrogen in the uncombined state? 

8. How could you obtain air that is free from carbon dioxide? 
From water vapor? 

9. Given one bottle of each of the following gases: oxygen, 
nitrogen, hydrogen, and carbon dioxide. How would you make 
chemical tests to identify each one? 

10. What is meant by crop rotation? Of what value is it to a 
farmer? 

11. Explain fully what is meant by the oxygen-carbon dioxide 
cycle. 

12. Explain fully what is meant by the nitrogen cycle. 

13. How is hydrogen superior to helium for use in balloons? 
In what ways is helium superior to hydrogen? 

14. What is meant by air-conditioning? 

Group B 

15. How would plants and animals be affected if the per cent 
of oxygen in the air were increased? 

16. Would it be a good idea to stopper a thermos bottle or a 
Dewar flask containing liquid air? Explain. 

17. Can it ever rain while the air is being warmed? Is com- 
pression or expansion of air more likely to produce rain? Explain. 

18. Why are traces of nitrogen compounds found in the air 
after thunderstorms? 

19. More fuel is burned in winter, and plants are not then 
making starch. Does the per cent of carbon dioxide increase at 
that time? If not, explain why not. 

20. How is helium helpful in the construction of such tunnels 
as the Holland Tunnel under the Hudson River? 

21. In hospitals, the nurses remove the flowers and plants 
from the sick rooms at night. Is there a good reason for such 
practice? 

22. In the preparation of nitrogen from the air, why is carbon 


SUPPLEMENTARY PROJECTS 251 

'B.ot ¥ery satisfactory as an element for removing tlie oxygen? 
Name an element that is more satisfactory, 

23. The following substances are exposed to air: phosphorus, 
anhydrous calcium chloride, hot magnesium, and lime water. 
What substance or substances does each one remove from the air? 

24. What is meant by the term critical temperature^^ as ap- 
plied to a gas? 

25. What is meant by the term critical pressure’’ as applied 
to gases? 

PROBLEMS 
Geoup a 

1. How many grams of sodium chloride are prepared by the 
action of an excess of sodium nitrite on 107 gm. of ammonium 
chloride? 

2. How many pounds of calcium hydroxide are needed to 
absorb 132 lb. of carbon dioxide? (See equation, page 238.) 

3. How many pounds of calcium carbonate are formed in the 
reaction of Problem 2? 

Group B 

4. How many liters of nitrogen are prepared in the reaction 
of Problem 1? 

5. How many liters of carbon dioxide at S. T. P. are needed 
to unite with 185 gm. of calcium hydroxide? 

SUPPLEMENTARY PROJECTS 

Prepare a report on one of the following topics: 

1. The story of the discovery of the rare gases of the atmos- 
phere.''"' 

Reference: Harrow, Floyb L., The Story of Chemistry ^ 
pages 43, 47, 208-210. Bobbs-MerrilL 

2. The work of Onnes dealing with low temperatures. 

Reference: Sciefitific Americatif Oct.j ’23; Aug., ’23; Feb., ’27. 

3. The spectroscope and its use in chemistry. 

References: Darrow, Floyp L., The Story of Chemistry, 
Bobbs-MerrilL 

Encyclopedia Britannica. (See Index.) 
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AMMONIA AND AMMONIUM COMPOUNDS 

Vocabulary 

Detergent. A substance used as a cleansing agent. 

Heat of vaporization. The number of heat units needed to change 
1 gm. of a liquid at its boiling point into vapor at the same tem- 
perature. 

Brine. A solution of a salt in water, usually of sodium chloride or 
calcium chloride. 

Autoclave. A strong, gas-tight vessel, used for heating substances 
under pressure, 

192. Introductory. A solution of ammonia gas in water 
is known as household ammonia. It is the pungent gas that 
arises from such a solution that is known to chemists as 
ammonia. It has the formula NH 3 . Traces of ammonia are 
found in the air, since this gas is formed by the decay of 
plant and animal matter. As it dissolves in the rain water 
it finds its way into the soil, where it is taken up by the roots 
of plants; it is also formed by the decay of organic matter 
in the presence of bacteria that cause putrefaction. The 
odor of ammonia may be noticed in the vicinity of stables 
where farm animals are housed. 

193. How Ammonia Is Prepared. Ammonia can always 
be prepared by decomposing ammonium compounds. It 
may be obtained from coal and from shale rock, or it may 
be made synthetically by the union of nitrogen and hy- 
drogen. 

1, Laboratory preparation. If we put a mixture of slaked 
lime and some ammonium compound in the palm of the 
hand and rub the mixture with a finger, the odor of ammonia 
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gas, may be detected. When a mixture of slaked lim,e, 
Ca(OH)2, is heated with ammonium chloride, NH4CI, in a 
test tube arranged like that shown in Fig. 127, ammonia gas 
is driven off by the heat. This gas is too soluble to be' 
collected by water displacement. 

It is collected b}^ air displace- [) 

inent. 


In the equation, ' 

■ Ca(OH )2 + 2 NH 4 C 1 --> 

CaCls + 2NH4OH, 

the ammonium group, NH 4 , acts 
as a positive radical and takes 
the place of calcium by sub- 
stitution. But the compound 
NH4OH is unstable, and the 
heat of the reaction breaks it 
up into ammonia and water. 

NH4OH ;z± NH3 T + H2O. 

Any strong base may be used 
instead of the calcium hydroxide, 
and any ammonium salt may be 
substituted for the ammonium 
chloride. For example, 

NaOH + NH4CI NaCl + NH 3 T + H 2 O: 


Ammonium 
o/)/or/de and ()) 
ca/cmm 
I hydroxide 


Fig. 127. — Laboratory ap- 
paratus for use in preparing 
ammonia. 


2 KOH + (NH 4 ) 2 S 04 K2SO4 + 2NH3 T + 2H2O. 


2. Commercial sources, (a) From coal. At one time 
ammonia was prepared by distilling hoofs and horns; hence 
the old name ^tspirits of hartshorn.’’ Now one of the im- 
portant commercial sources of ammonia is soft coal. Wdien. 
coal is heated in retorts to prepare illuminating gas, am- 
monia is given off as' a by-product., . The ammonia ' dissolves' 
in the water used to wash the gas, and the solution is neutral- 
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ized with sulfuric or hydrochloric acid. When sulfuric acid is 
used, 

2NH4OH + H2S04-> (NH4)2S04 + 2H2O, 

ammonium sulfate is formed. This salt is then decomposed 
with slaked lime, and the ammonia is dissolved in pure water. 
(See equation under laboratory preparation.) Such a solu- 
tion forms the aqua ammonia of commerce. 

(6) From oil-bearing shale rock. Some of the shale rocks in 
Colorado, Utah, and Wyoming contain petroleum that can 
be obtained by destructive distillation. As a by-product 
ammonium compounds, such as ammonium sulfate, are 
obtained. Such shale rocks have been used in Scotland to 
produce petroleum and ammonium compounds, but in the 
United States little effort has been made to use our shale 
deposits. In the future, when our oil wells shall have ceased 
to supply petroleum in ever-increasing quantities, the oil 
producers will no doubt develop the shale deposits to secure 
the oil, with ammonium compounds as by-products for use 
as fertilizers. 

(c) By the Haber process. It was known to chemists that 
some ammonia could be formed by passing an electric spark 
through a mixture of nitrogen and hydrogen. But the re- 
action represented by the following equation, 

N2 + 3H2 2NH3, 

is reversible, and only a small per cent of ammonia is formed. 
The problem of increasing the percentage of ammonia formed 
was solved in 1913 by Haber, a German chemist. 

He heated the mixture of gases to a temperature of 
about 500 or 600® C., when they are subjected to a pressure 
of 200 atmospheres. At first uranium carbide was used as a 
catalyst, but finely divided iron was found to be as satis- 
factory. The reaction, which takes place in bombs” made 
of special chrome-vanadium steel to withstand the enormous 
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jicius ituuui; oi ammoma. iiiis ammonia is 

•either absorbed in water or removed by cooling, and the 
remaining gases are returned to the “bomb” to be exposed 
again to the action of the catalyst. Without the development 
of the Haber process, it is doubtful if Germany could have 
carried on the war for an entire year. 

The Fixed Nitrogen Research Laboratory of the United 
States has succeeded in producing a catalyst that is better 
than that used in other processes. It consists of a specially 
prepared mixture of iron, with small percentages of potas- 
sium and aluminum oxides. In the Casale process of making 
ammonia, and in the Claude process, very high pressures are 
used. (See Fig. 128.) In the latter process, a pressure of 
1000 atmospheres is used, and the yield is about 40%. 


Fig. 129. — Fractionating columns at the Muscle Shoals plant. 

★ (d) The cyanamide process. The plant at Muscle Shoals, 
Alabama, was built during the war to make ammonia by the 
cyanamide proces,s. Nitrogen is obtained from liquid air by 
fractional distillation (See Fig. 129), and passed over white 
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Fxg. 130. In these autoclaves ammonia is formed from calcium 
cyanamide. 


194. Physical Properties of Ammonia. A; 
gaseous compound having, the formula NH; 
peculiar, pungent odor and a bitter taste, 
lighter than air and very soluble in water. One 
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at 20°'C. dissolves 710 liters of. ammonia gas. At 0® C. one 
liter of water dissolves almost 1300 liters of the gas. The 
very high solubility is probably due to a chemical union be» 
tween the gas and water to form ammonium hydroxide. 

The ammonia water thus formed is lighter than water^ 
the specific weight of the 35% solution being 0.88. When 
ammonia water is boiled the gas is all driven off. Even 
under ordinary atmospheric pressure, ammonia gas con- 
denses to a liquid when sufficiently cooled. Its boiling point 
is 34^^ C. Liquid ammonia is put on the market com- 
pressed in steel cylinders. 

196. Chemical Properties. Ammonia neither burns nor 
supports combustion. In oxygen, however, it burns slowly. 
Heated with copper oxide, it forms water and nitrogen. The 
water solution of the gas contains a compound having the 
formula NH4OH. 

The ammonium^ NH4, group acts as a radical. It combines 
with the OH radical in water solution, and the compound 
NH4OH acts like a base. In this case the NH4 radical acts 
Just as the active metals, sodium and potassium, do with the 
OH radical. Students must never confuse the ammonium 
radical, NH4, with the compound ammonia, NH3. While 
ammonium acts like a metal in compounds, yet it has not 
been isolated as NH4. It always breaks up into ammonia 
and hydrogen when it is separated from the negative element 
or radical with which it was combined. The following equa- 
tions show the behavior of the ammonium radical, NH4. 

NH4OH + HCl NH4CI + H2O. 

NH4OH + HNO3 NH4NO3 + H2O. 

196. Ammonium Salts. Since ammonium hydroxide acts 
like a base, we would expect it to form ammonium salts. 
When it unites with hydrochloric acid, it forms a white, 
crystalline solid known as ammonium chloride, NH4CI, 
often called sal ammoniac. This salt is used in dry cells and 
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as a flux in soldering. When the salt is heated^ it decomposes 
as shown by the reversible equation, 

+ HCL 

The hydrochloric acid thus liberated by the hot soldering 
iron dissolves the tarnish on the surface of the metal so the 
solder will stick to the clean metal. 

Ammonium sulfate, (NH 4 ) 2 S 04 , is also a white, crystalline 
salt, easily soluble in water. It is obtained as a by-product 
in making coal gas, and it finds extensive use as a fertilizer. 

★ Ammo7iium ca^rbonate, (NH 4 ) 2 G 03 , is a white, crystalline 
solid. It is unstable, and gives off ammonia gas slowly. 
Hence it finds use in smelling salts. When this salt is dis- 
solved in alcohol, together with ammonia water and such 
spicy oils as nutmeg, lemon, and lavender, it forms aromatic 
spirits of ammonia. When inhaled or taken internally, this 
drug acts as a stimulant. 

★ Ammonium nitrate, NH4NO3, is used in maldng nitrous 
oxide, N 2 O, a gas used as an anesthetic. Ammonium nitrate 
is used in coal mines as an explosive. When it is mixed with 
T. N. T., it forms a powerful explosive, which was much used 
during the war under the name amatol. 

197. Uses of Ammonia. 1. As a fertilizer. Plants must 
have nitrogen from nitrogen compounds in order to make 
proteins, without which there can be no life. No com- 
pounds are more important as plant foods or fertilizers than 
ammonia and the ammonium compounds. 

2. Asa detergent Since aqua ammonia is a base, w^e would 
expect it to act upon fats and oils. It is quite extensively 
used in the household for removing grease sp)ots from, rugs 
and clothing. When the water evaporates, no solid rcjsidue 
is left, because the gas ammonia is liberated to the air at the 
same time. For this reason, ammonia does not injure fab- 
rics as do such bases as sodium and potassium hydroxides. 
It may dissolve the dye in colored fabrics. 
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3. For refrigeration, (a) The physical principle. If we 
pour water on one hand and let the water evaporate quickly, 
that hand will feel cooler than the other. It requires heat 
to evaporate the water. The heat in this case came from the 
hand, and such subtraction of heat left the hand cool. If 
we were to repeat the experiment, using alcohol instead of 
water, the hand would feel cooler than before. Alcohol 
has a boiling point of only 78° C. ; hence it evaporates 
and takes heat from the hand faster. Ether poured on the 
hand seems even colder than alcohol as it evaporates. The 
boiling point of ether is 35° C., less than blood heat. Does 
it not seem possible, then, if we were to use a substance 
like liquid ammonia, which boils at — 34° C., that heat 
could be taken from the water surrounding the liquid am- 
monia as it evaporates, so fast that the water will freeze? 
To convert 1 gm. of liquid ammonia into gaseous ammonia 
takes 295 calories of heat. That is its heai of vaporization. 
If we subtract 80 calories of heat from 1 gm. of ice water. 



Fio. 131. — Diagram of an artificial ice plant. The coils AB 
are for cooling. 


the water will freeze. To make ice, then, one subtracts 
heat from water by taking its heat and using it to evaporate 
liquid ammonia. Other liquids that boil at low temperatures 
are sometimes used, 

(b) The practice. At ordinary room temperatures, it takes 
a pressure of only about 4.5 atmospheres to liquefy ammonia. 
By the use of a compression pump, as shown in Fig. 131 
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ammonia gas is compressed enough so it will liquefy in one 
set of pipes around which cold water is kept flowing to ab- 
sorb the heat liberated as the ammonia liquefies. The liquid 
ammonia then passes through an expansion valve into a 
second set of coiled pipes^ which are immersed in a tank of 
brine. In this second set of pipes the liquid ammonia 
evaporates, taking the heat needed for its vaporization from 
the brine. Thus the brine may be cooled to - 10® C., or 
lower. Cans of fresh water immersed in the brine tank will 
be frozen solid in a few hours. 

In cold storage plants, the cold brine is pumped through 
pipes near the ceiling of the storage room. Just as hot water 
flowing through pipes may warm a room by radiation and 
convection, so the circulation of cold brine through pipes 
cools a room, and may keep it at any desired temperature. 

SUMMARY 

Ammonia is formed by the decay of animal and vegetable 
matter. It is prepared in the laboratory by heating some strong 
base with a salt of ammonium. Slaked lime, or calcium hydroxide, 
is usually heated with ammonium chloride. 

Commercially ammonia may be obtained as a by-product from 
the distillation of soft coal. It is also a by-product from the 
destructive distillation of oil-bearing shale rock. Ammonia is 
made synthetically by heating nitrogen and hydrogen under pres- 
sure in the presence of a suitable catalyst, such as iron with oxides 
of potassium and aluminum. It can also be made by the cyana- 
mide process by passing nitrogen over white hot calcium carbide, 
and treating the calcium cyanamide, CaCN2, that is formed with 
superheated steam. 

Ammonia is a colorless gas; it has a very pungent odor. Its 
odor is so peculiar that it serves as a means of identifying the gas. 
Ammonia is very soluble in water, and forms a strong base with 
the water. 

Ammonia neither burns nor supports combustion. In the 
compound ammonium hydroxide, the NH4 group acts like a metal, 
and may combine with acid radicals to form salts. 
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The salts of ammonium are generally white crystalline solids, 
easily soluble in water. The chloride finds use in voltaic cells and 
for soldering. The sulfate is a fertilizer, and the nitrate is used as 
an explosive. 

Ammonia finds use: (1) as a fertilizer; (2) as a base for cleans- 
ing purposes; (3) as a refrigerant for making artificial ice. 


QUESTIONS 


Group A 


1. Dry ammonia gas does not affect litmus. Explain. 

2. What is the difference between ammonia and ammoniumf 

3. Why is brine used in the tanks containing the cans of fresh 
water for making ice? 

4. Suppose you were given a compound. How would you test 

it to see whether it contains the ammonium 

■ I . 6. Why have so much time and money 

y' spent in atmospheric nitrogen? 

(k 6* How does liquid ammonia differ from 
I ammonium hydroxide? White the formulas. 

S What simple method can you suggest 

^ ^ for preparing a few c.c. of ammonia gas? 

'I ^ 8 . What are the particles formed by hold- 

I § ing the stopper from a bottle of concentrated 
:: ^ hydrochloric acid near the stopper from a 

\ bottle of concentrated ammonium hydroxide? 

8. Why is ammonia called the ‘‘vohitile 
, alkali’^? ■ , . 

10 . Gases are dried by bubbling them 
Fig 132 ~ Am- i^brough concentrated sulfuric acid. Can 
monia gas is ex- ammonia be dried in this manner? Explain, 
tremely soluble in What is the valence of the nitrogen 

in ammonia? What is the valence of the 
nitrogen in ammonium chloride? Write the structural formulas 
of each one. 


monia gas is ex- 
tremely soluble in 
water. 
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12. Write equations to show the interaction of ammoiiiuin 
hydroxide with each of the following acids: sulfuric; carbonic; 
and phosphoric. 

13. Give the names of the salts formed in each case of Question 12. 

14. If one fills a flask with ammonia gas, stoppers the flask 
with a stopper carrying a long jet tube, and then holds the end 
of the tube in water as shown in Fig. 132, the water slowly rises 
in the tube and then spurts up into the flask. Explain. 

15. Wliat is meant by a ^‘pressure of 1000 atmospheres’^? 

PROBLEMS 
Group A 

1. How many grams of ammonia can be prepared from 40 gm . 
of ammonium chloride? 

2 . How many grams of calcium hydroxide are needed to react 
with 140 gm. of ammonium sulfate? 

3. Calculate the per cent of nitrogen in calcium cyanarnide. 
Calculate the per cent of nitrogen in ammonium sulfate. 

Group B 

4. How many grams of ammonium chloride are needed to 
prepare 20 liters of ammonia at S. T. P.? 

5. In the Haber process how many liters of hydrogen are 
needed to combine with 500 liters of nitrogen? How many liters 
of ammonia are formed at S. T. P.? How many liters of water 
at 0° C. will be needed to absorb the ammonia? 

6. How many c.c. of N-HCl will be needed to neutralize 50 c.c. 
of a solution that contains 10% of NH4OH by weight? 

SUPPLEMENTARY PROJECTS 

; .. 1. Prepare a report on the work of the chemists of the. Fixed: 
Nitrogen Research Laboratory. 

Reference: Chamberlain, J. S., Chemistry in AgticMiim. 
Chemical Foundation, Inc. Chap. 4. 

2. Prepare a report on the topic “ Chemistry of Refrigeration.” 

Reference: Howe, H. E., Chemistry in Industry, Chemical 
Foundation, Inc. Vol. II, Chap. 10. 


CHAPTER - 17 


NITRIC ACID AND THE OXIDES OF 
NITROGEN 

Vocabulary 

Retort. A closed vessel in. which a substance may be heated without 
access to air. 

Detonator. An explosive whose action is practically instantaneous. 

Infusorial. Pertaining to a group of animals; many of them deposit 
silica as their bodies decay. 

Anesthetic. A drug that produces insensibility to pain, sometimes 
with the loss of consciousness. 

Siliceous. Containing silica, or silicon dioxide. 

Adsorb. To condense on the surface of a substance. 

A. NITRIC ACID 

198. Introductory. This acid, and the method of prepar- 
ing it, were described by the alchemist Geber in the eighth 
century. The early alchemists called it aqua fortiSj from the 
Latin words meaning “strong water.” Nitric acid, which 
has the formula HNO 3 , is one of the strongest acids known. 

199. How Nitric Acid Is Prepared. 1. In the laboratory. 
In order to prepare nitric acid in the laboratory, we use the 
general method of preparing acids that we learned in Sec- 
tion 153. In a glass-stoppered retort, sodium nitrate or Chile 
saltpeter is heated with rather concentrated sulfuric acid. 
The nitric acid volatilizes, and its vapor is condensed in 
the tube of the retort and collected in the receiver. (See 
Fig. 133.) Remembering that sulfuric acid when used in 
excess furnishes the negative HSO 4 "” radical, we write the 
equation as follows: 

NaNOs + H+HS 04 ^ Na+HSOr + HNO 3 . 
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Fig. 133. — Apparatus used for the 
laboratory preparation of nitric acid. 


nitrate may be used to prepare nitric 
but sodium nitrate is the only one 
that is found occurring in 
any considerable quantity 
in nature. The valuable 
beds of this mineral that 
occur in the desert regions 
of Northern Chile have 
been the cause of the tri- 
angular boundary disputes 
between Chile, Peru, and 
Bolivia. They were block- 
aded by the English iiayy 
during the early part of the World War to prevent supplies 
from reaching Germany for use in making explosives. 

2. From the air. When a lightning discharge occurs in 
moist air, nitric acid is produced. It is estimated that in 
every month about one pound of nitric acid for every acre 
of the earth's surface is made in this way. Men have tried 
to emulate nature. Bradley and Lovejoy used the electric 
are at Niagara Falls to produce nitric oxide. After their 
attempt failed commercially, the Birkeiand-Eyde process 
was developed in Norway. There a large magnet was used 
to spread the arc and give greater surface. Many tons of 
nitrate were produced by this process, which is now prac- 
tically obsolete. At first nitric oxide was formed, 

N2 + G2V=^2N0. 

This oxide unites with more oxygen, 

2NO + 02-->2N02. 

The reddish brown nitrogen peroxide dissolves in water 
as represented by the equation, 


2 NO 2 + H 2 O HNO 3 + HNO 2 . 


266 NITRIC ACID AND OXIDES OF NITROGEN 


The nitrous acid, HNO 2 , is oxidized to nitric acid by 
nitrogen peroxide or slowly by air. 

■ HNO2 + NO2 HNO3 + NO. 

3. Commercial preparation, (a) From sodium nitrate. 
One method of preparing nitric acid makes use of the same 
method that is used in the laboratory, heating sodium 
nitrate with sulfuric acid. Strange as it may seem, this 
method is the same one that was used by the alchemists 
more than one thousand years ago. The mixture is heated 
in iron retorts, and the acid is condensed in large bottles 
containing a little water. 

. (5) From ammonia. The Haber process made it possible 
for the Germans during the war to get compounds suitable 
for fertilizers, but that process alone did not help in the mak- 
ing of explosives. Nitric acid is needed for that purpose. 
Chemists had known that ammonia may be oxidized to form 
nitric acid, but it was Ostwald, a German chemist, who made 
such oxidation of ammonia a commercial success by the use 
of platinum gauze as a catalyst. At a temperature of about 
700° C., a mixture of ammonia and air is passed through the 
electrically heated gauze, which is so active as a catalyst 
that only a small fraction of a second is sufficient to cause the 
oxidation of a large per cent of the ammonia. A series of 
reactions takes place, but the equation may be written as 
follows: 

NH3 + 2O2 HNO3 + H2O. 

Figure 134 shows the towers that were constructed at Muscle 
Shoals for the oxidation of ammonia. In Europe several 
hundred thousand tons of nitric acid are now made annually 
from the air. While the enormous plant at Muscle Shoals is 
becoming obsolete, several large private companies in the 
United States have built plants which are now used to make 
nitric acid by the oxidation of ammonia. 
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200. Physical Properties. Nitric acid is a colorless 
liquid, more than 1| times as heavy as water. The pure 
acid boils at 86° C. It fumes in moist air. Since the pure 
acid IS unstable, the concentrated nitric acid of commerce is a 
water solution containing about 68% nitric acid. Such a 


i'lG. 134. — In these towers ammonia may be oxidized to form 
nitric acid, 

solution bods at 120° G. A more dilute solution boils at a 
lower temperature and loses water, thus becoming more 
concentrated. 

201. Chemical Properties. 1. Its stnbility. W^hen nitric 
acid is boiled, or even when exposed to sunlight, it decom- 
poses and forms water, oxygen, ariA nitrogen peroxide. The 
equation is as follows: 

4 HN 03 2H2O + 4NO2 T -f O2 T . 

In water solution, the acid is quite stable. The yellow 
color of nitric acid may be due to the nitrogen peroxide 
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formed by a decomposition of some of the acid* If the acid 
contains large quantities of nitrogen peroxide in solution^ it 
will have a red color. It is known as f mning nitric acid. It is 
possible to dehydrate nitric acid and leave a white, crystal- 
line solid, anhydride, N 2 O 5 . The following equation 
shows how phosphorus pentoxide may be used for this, 
purpose: ' 

P 2 O 5 + 2HNO3 -N 2 O 5 + 2HPO3. 

\ 2. : It ' is an acid. When 'nitric acid is dilute, it has the 
properties that are common to acids, as outlined in Sec- 
tion '155. It acts on metals and the oxides of metals and 
forms nitrates. , The concentrated acid has some remarkable 
properties. , ' 

3. Nitric acid is an oxidizing agent. If we put about 5 c.c. 
of ' concentrated nitric acid in a test tube, clamp it in a 
slightly inclined position, and slide a loose plug of excelsior 
down the tube to a position about an, inch above the surface 
of the acid, this plug of excelsior will be ignited when the acid 
is boiled, and it will unite with the oxygen supplied by the 
acid.' Wool, hair, cotton, and other fibers' will burn An' a 
similar manner. Red hot charcoal will burn beneath the 
surface of the acid, taking the oxygen formed as the acid 
decomposes. During such oxidation of organic material, of 
course the nitric acid is reduced. Such products as NO 2 , NO, 
N 2 O, or NHs may be formed by such reduction. It is 
interesting to observe that the valence of the nitrogen 
changes from + 5 in HNO3 to + 4 in NO 2 , to + 3 in HNO 2 , 
to + 2 in NO, to + 1 in:N20, to 0, in' N 2 ,: and to : — 3 in'NHa. 
In the presence of a reducing agent, nitric acid often decom- 
poses as represented by the following equation: 

2HNO3 H 2 O + 2NO T + 3(0) T . 

The oxygen atoms, which are available for combining with 
the reducing agent, are shown in parenthesis. Nitric acid 
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stains the skin yellow,' forming xantho-proteic acid. On 
proteins it produces the same effect; hence it may be used 
ns a test for protein.. . 

, ★.d. ■ The action with metals. How nitric acid reacts with 
metals will depend upon two things: the actwity of the rnetal 
and the concentration of the nitric acid. With such actim 
metals as sodium, calcium, or magnesium (see table on 
page 76), very dilute nitric acid will liberate hydrogen and 
form a nitrate. A typical equation follows: 

Mg + 2HNO3 Mg(N03)2 + H2. 

With a less active metal, such as zinc, the more concen- 
trated nitric acid may at first form some hydrogen, but it 
immediately oxidizes that hydrogen to form wuitcir. No 
hydrogen escapes. At the same time the hydrogen is re- 
ducing the nitric acid to ammonia, which forms some am- 
monium nitrate with part of the nitric acid. No one can stop 
a chemical reaction of this kind to determine what happens 
during the various steps. The e?id-products can be analyzed. 
Of them we are certain, but we can only spectilate concerning 
the intermediate steps. Partial equations are often used to 
show what is believed to occur. For example, 

4Zn + 8HNO3 4Zn(N03)2 + “W" 

■-sfH)- + HNO3 + 3H2O 

-NHr+ HNO3 NH4NO3. 

In such partial equations, we may cancel out all the factors 
and products that are common to both sides of the series of 
equations. That is, we cancel out the hydrogen, because it 
probably reduces the nitric acid; and the ammonia, becaUvSe 
it probably combines with a part of the nitric acid. Now if 
we add all the uncancelled factors and all the uncancelled 
products we get the final equation, which represents the end 
reaction. . 

4Zn + IOHNO3 4Zn(N03)2 + 3H2O + NH4NO3. : 
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These partial equations and the final equation are too difficult 
for beginning students. They are for illustration only, and 
not to be remembered. ’ 

When a less active metal, such as copper, interacts with 
moderately concentrated nitric acid, the reduction of the acid 

IS not so complete. Let us represent by partwZ equations 

the possible series of reactions; 

2HNO3 H2O + 2NO + -ete)- 

3Cu +-3f©)- — > BCuO 

-seue + 6 HNO 3 3Cu(N08)2 + 3 H 2 O. 

By cancelling the factors and products common to both 
sides, and combining the uncanceUed terms, we have the 
following: 

3Cu + 8HNO3 3 Cu(N 03)2 + 2NO t + 4H2O. 

It is possible that the nascent oxygen, formed by the de- 
composition of some of the nitric acid, attacks the copper 
and forms copper oxide, which in turn interacts with the 
excess acid to form copper nitrate. Such veiy inactive metals 
as gold and platinum are not attacked by nitric acid at all 
and aluminum is only slightly affected. AU other common 
metals are attacked by nitric acid, and nitrates are formed 
except in the case of tin. ^ 

202 . Nitrates. The nitrates of the various metals are all 
crystalline compounds, easily soluble in water. Therefore 
they cannot be prepared by precipitation. They are much 
used in chemical laboratories when one wishes to work with 
a soluble salt of a metal. 

^ In general, when the nitrate of a metal is heated, the oxide 
0 the metal is formed, and both oxygen and nitrogen 
peroxide are liberated as gases. The decomposition of lead 
nitrate is typical of such reactions: 

2Pb(N03)2 — > 2PbO + 4NO2 t + O2 T . 



Courtesy of E. I. DuPont de jtfemours cfc (7a, 

A general view of a synthetic ammonia plant at Belle, West 
Virginia. Hydrogen, obtained from winter gas, is mixed with nitrogen 
and the two are synthesized in the large building in the center fore- 
ground. 


Courtesy of E. 1. DuPont de Nemours Co, 

By the use of such compressors the nitrogen-hydrogen mixture is 
synthesized under a pressure of 900 atmospheres. 



. - 


Brown Bros. 


Courtesy of E. I. DuPont de Nemours Co^ 

This room shows the tops of the alloy steel reaction tubes in which 
the synthesis of the ammonia occurs. The boxlike apparatus at the 
right contains the cooling coils. 


An air view of Nitrate Plant No. 2 with Wilson Dam in background. 
A plant was built here by the Tennessee Valley Authority for experi- 
mental production of fertilizers. 
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The nitrates of the active metals, ■ sodium and potassium, 
■react differently, when they .are heated. Sodium nitrate, 
for example, jdelds sodium nitrite and oxygen. 

2 NaN 03 2 NaN 02 + O 2 T . 

203. How to Test for Nitrates. To the solution to be 
tested, one adds a concentrated solution of freshb^ prepared 
ferrous sulfate, FeS 04 . To the mixture, a few c.c. of coH" 
centrated sulfuric acid are so added that the heavy acid will 
run down the inclined tube containing the mixture, but not 
mix with it. At the intersurface of the acid and the mixture, 
a brown ling will be formed, if the unknown solution con- 
tained a nitrate. When carried out properly, this forms a 
ver}' sensitive test for a nitrate. 

204 . What Is Aqua Regia? Such metals as gold and 
platinum are not affected by ordinary single acids, but they 
dissolve in a mixture of nitric and hydrochloric acids known 
as aqiia regia. This mixture was so named because it dis- 
solves gold, the king {rex) of metals from the alchemist's 
point of view. The name comes from the Latin, and means 

royal water.” 

The nitric acid serves as an oxidizing agent, attacking the 
hydrochloric acid, and liberating nascent chlorine. The 
chlorine attacks the metal, and a chloride is formed instead 
of a nitrate. Generally, the mixture consists of 1 part of 
nitric acid to 3 parts of hydrochloric acid, but other propor- 
tions may be used. 

20 §. Uses of Nitric Acid. 1. To prepare nitrates. We 
have already learned that nitric acid is used to prepare 
nitrates, by its interaction with metals or metallic oxides. 
Its salts are used as fertilizers. 

2. In the dye industry. There are several products ob- 
tained from coal tar with which nitric acid will interact to 
form such mtro-compounds as nitro-benzol, CeFUNOs. 
When this compound is treated with nascent hydrogen 
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it forms aniline, a compound used in making many different 
dyes.' 

3. In making ^^artificial silk” Enormous quantities of 
nitric acid are now being used to nitrate cotton and produce 
silk substitutes. The processes used are discussed under 
cellulose. 

4. In making plastics. The chemical nature of such 
plastics as pyralin and celluloid is not very different from 
that of some of the silk substitutes. Cotton is treated with 
a mixture of nitric and sulfuric acids, and the nitrated cellii-' 
lose is treated with camphor and dissolved in certain alcohols 
or organic solvents, to make a plastic substance that can be 
rolled, cut, or pressed into any desired shape. Lacquers of 
the Duco type are made in a similar manner from nitro- 
cellulose. 

5. hi making explosives. The use of nitric acid in making 
explosives is so important that modern warfare could not 
be waged without it. Some of the more common explosives 
are discussed in the following sections. 

★B. EXPLOSIVES 

206. What Is Black Gunpowder? Centuries before gun- 
powder was used in Europe it is said to have been known in 
China. As early as the first part of the fourteenth century it 
appeared in Europe. Gunpowder is made by mixing 75 parts 
of potassium nitrate with 15 parts of charcoal and 10 parts of 
sulfur. The powdered mixture is moistened and pressed 
into a cake by means of a hydraulic press. It is then broken 
up into grains of the desired size. Gunpowder is used as a 
priming charge in firing the so-called ^'smokeless powder, 

207. Nitroglycerine a Powerful Explosive. This explo- 
sive was discovered by Sobrero in 1846, but it was not de- 
veloped until 16 years later when Nobel devised a practical 
method of making it. It is said that Nobel founded the 
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‘'Teace Prize when he realized the possibilities for mT 
in certain explosives he had invented. Nitroglycerme, or 
glyceryl nitrate, is made by treating glycerine with a- mix- 
ture of nitric and sulfuric acids. The sulfuric acid absorbs 
the water as it is formed, and prevents the dilution of the 
nitric acid. 

C3H5(0H)3 + 3HNO3 C3H5(N03)3 + 3B3O. 

Nitroglycerine is a heavy, oily liquid. In the open air it 
burns readily. Since one molecule has more than enough 
oxygen to combine with all its carbon and hydrogen, it 
burns without access to air, forming water vapor, carbon 
dioxide, nitrogen, and oxygen. Such compounds are said to 
explode by detonation. Since the gases that are formed oc- 
cupy many times the volume of the explosive, tremendous 
pressure is exerted by the decomposition of such explosives. 

208. How Dynamite Is Made. This explosive %vas in- 
vented in 1866 by Alfred Nobel. Infusorial earth consists 
of the microscopic skeletons of certain one-celled animals. 
This siliceous matter will adsorb from 40% to 75% of nitro- 
glycerine, thus forming dynamite. Wood pulp is also used 
as an adsorbent. Sticks of dynamite are much safer to handle 
than the liquid nitroglycerine. 

209. What is Nitrocellulose? In 1846 guncotton, or nitro- 

cellulose/was prepared by Schonbein. Cotton fibers consist 
of nearly pure cellulose, (CeHioOs)^;. Wlieii nitric acid acts 
on cotton, a series of nitrates is formed. A mixture of concert-- 
trated nitric and sulfuric acids acts on cotton forming cellulose 
hexa-nitrate, Ci2Hi404(N03)«, dilute acid gives lower 

nitrates of cellulose. For use in making smokeless po\vder, 
the acid is made just strong enough to give a nitrate of cel- 
lulose that contains a little less than 13% nitrogen. With 
ether such a nitrate forms a plastic mass which may be 
pressed into various shapes and cut into different-sized 
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grains of powder. (See Fig. 135.) The smokeless powder 
produces carbon dioxide, carbon monoxide, water vapor, and 
nitrogen when it burns. Since these are all gaseous, no 
smoke is produced. This powder is also superior to the black 

^ gunpowder because it is more 

* * powerful, thus making a gun 

9 X more efficient with a. smaller 

'■ ^ weight of ammunition. 

Ililflll I’l. 1 1 The lower nitrates of cellu- 

I Q lose dissolve readily in a mix- 

11 ture of alcohol and ether, 

1 ^ lip forming collodion. It is used in 

; : :V; surgery as liquid court piaster, 

I or New Skin.’' Collodion also 

finds use in photography, and 
in making picture films. 

Blasting gelatine is an ex- 
ceedingly powerful explosive 
made by dissolving nitrocel- 
c lulose in nitroglycerine. The 

d names “nitrocellulose’’ and 

Fig. 135. — Grains of smoke- “nitroglycerine” are not strictly 
&! For coirect. It is more accurate to 

cZ. For 12-in. gun. (Actual size.) speak of them aS Cellulose 

nitrate mA glyceryl nitmte. 

210. Picric Acid is a yellow crystalline solid that is made 
by the action of nitric acid on phenol, or carbolic acid, CeHsOH. 
It is a tri-nitro-phenol having the formula C6H20H(N02)3. 
Picric acid and its salts are very explosive. It is a favorite 
explosive with the French, being used under the names lyd- 
dite and mellinite. 

211. Tri-nitro-toluol (T. N. T.) is a comparatively new 
explosive that was introduced just a short time before the 
beginning of the late war. It is made by treating toluol, 
CvHg, a coal-tar product, with a mixture of nitric and sulfuric 


Fig. 135. — Grains of smoke- 
less powder, a. Rifle powder. 
b. For S-in. gun. c. For 6-m, gun. 
d. For 12-in. gun. (Actual size.) 
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acids. It has the formula C7H5(N02)3. T. N. T. is a colorless 
solid which darkens upon exposure to air. It cannot be used 
as a powder, but it is a very satisfactory explosive for use in 
hand grenades, high explosive shells, depth bombs, torpedoes, 
and mines. It can be melted with safety and poured into the 
shells. 

212. Mercury Fulminate, or fulminating mercury, is some- 
times used as a detonator. For exploding any kind of powder 
or high explosive a small cap or cartridge is filled with mer- 
cury fulminate. The fulminate explodes with a sudden 
shock and thus causes the powder to explode by detonation. 
This compound, HgC2N202, is made by treating .mercury 
with nitric acid in the presence of alcohol. It is one of the 
most treacherous of explosives, since it may be exploded by 
heat, shock, or friction. While the chemistry of explosives 
seems very simple, the technique is complicated, and ?io 
amateur should ever try to make any explosive, 

C. NITROUS ACID AND NITRITES 

iK 213. Nitrous Acid and Nitrites. We have learned that 
sodium nitrite is formed when sodium nitrate is heated. 
Nitrites are salts of nitrous ocfd, HNO 2 , an unstable acid of 
relatively small importance. It can be made by treating a 
nitrite with sulfuric acid. 

NaNO. + H2SO4 NaHSOi + HNO 2 . 

These compounds find some use in the manufacture of dye- 
stuffs. ; 

D. THE OXIDES OF NITROGEN 

214. The Five Oxides of Nitrogen., Although nitrogen 
does not' unite easily with oxygen, yetdt is possible, directly 
or indirectly, to form five different oxides, because the \'alenee 
of nitrogen varies from 1 to 5. Nitrous oxide has the formula 
NoO; nitric oxide has the formula NO; nitrogen trioxide ^ 
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N2O3, is the anhydride of nitrous acid; nitrogen dioxide more 
commonly called nitrogen peroxide, has the formula N264 at a 
low temperature, and the formula NO2 at a higher temoera- 
tee; nitrogen pentoxide, N2O5, is the anhydride of nitric acid 
ihe anhydrides of nitrous and nitric acids have been men- 
tioned. They are oxidizing agents. 

216 . What Is Nitrous Oxide? The compound, N2O is 
coinmonly called laughing gas, because one who inhales it is 
hkely to burst out into fits of hysterical laughter. After 
Day discovered the peculiar property of this gas, it became 
a fad to administer it at social gatherings in London, merelv 
as a source of amusement, ^ 

1. Its preparation. When ammonium nitrate is heated it 
decomposes into water and nitrous oxide, as represented by 
the equation, 

NH4NO3 -> 2H2O •+■ N2O t . 

The gas is generally collected by water displacement The 
student should compare this equation with the one for the 
making of nitrogen. 

bot’it 0/ oxide. This gas is colorless, 

but It has a sweetish odor and taste. It is heavier than air 
and moderately soluble in water. It is easfiy liquefied, and 
it IS usually sold in steel containers. 

At ordinary temperatures, nitrous oxide is stable, but at 
slightly increased temperatures it decomposes into nitrogen 
and oxygen. When such decomposition occurs, the resulting 
mixture of gases (2 to 1) is richer in oxygen than air (4 to 1). 
Hence nitrous oxide supports combustion better than air 
does, provided the burning substance is hot enough to decom- 
pose the gas. A glowing splinter bursts into flame and burns 
almost as fast as in oxygen. We can tell this gas from oxygen 
however, because barely ignited, feebly burning sulfur wiU be 

suliur Will continue to bum in either one. 
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3. Uses of nitrous oxide. Although Davy noticed the 
peculiar properties of nitrous oxide more than 40 years 
before, it was not used as an anesthetic until 1844, when 
Dr. Horace Wells, of Hartford, Conn., began to use it when 
extracting teeth. Wells is really the ^'father of anesthesia.” 
IVlien used by dentists, oxygen is usually administered with 
it. Some surgeons start with nitrous oxide before they ad- 
minister ether. 

216. Nitric Oxide, NO. 1. Preparation. In our study 
of the properties of nitric acid, we learned that this gas 
is set free when mod- 
erately concentrated ni- 
tric acid acts on copper. 

The gas is collected by 
water displacement. 

2. Properties of n itric 
oxide. This gas is color- 
less and slightly heavier 
than air. It is only 
slightly soluble in water. 

The most important 
chemical property of 
nitric oxide is its ability 
to unite directly with 
more oxygen to form 
nitrogen peroxide. Fig- 
ure 136 shows how the 

reddish-brown gas, nitrogen peroxide, is being formed upon 
exposure of nitric oxide to air. The equation for the reaction 
foiiow^s: 

2 NG + O2 2NO2: 



Fig. 136. — The colorless nitric oxide 
unites with oxygen to form the reddish- 
brown nitrogen peroxide. 


This is the reaction that occurs when a lightning discharge 
passes through moist air during a thunderstonn. 

Nitric oxide is quite stable. Although it is more than 50% 
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oxygen, it will not support ordinary combustion. Vigorously 
burning phosphorus is hot enough to decompose it, and burn 
in it very rapidly. 

3. Uses of nitric oxide. The ease with which nitric oxide 
takes on oxygen from the air and then gives it up again in the 
presence of a reducing agent makes this gas a valuable carrier 
of oxygen. For example, nitric oxide forms the peroxide, NO 2 , 
upon exposure to air. The peroxide oxidizes sulfur dioxide 
as shown in the equation, 

SO2 4- NO2 SO3 + NO T . 

The nitric oxide that is produced at the same time may take 
on more oxygen and in turn oxidize more sulfur dioxide. This 
property of nitric oxide is used in the manufacture of sulfuric 
acid. (See Section 326.) 

217. Nitrogen Peroxide or Tetroxide, NO 2 . In the pre- 
ceding section we learned that nitrogen peroxide is formed 
when nitric oxide is exposed to the air. It may be formed by 
heating nitrates, sodium, potassium, and ammonium nitrates 
excepted. At ordinary temperatures it is a reddish-brown 
gas, having a disagreeable suffocating odor. This gas is very 
poisonous. Its molecular weight shows that its formula is 
NO 2 . At low temperatures the color practically disappears 
and the molecular weight increases, showing that it has the 
formula N 2 O 4 . Such association of molecules at low tempera- 
tures and dissociation ar higher temperatures is not un- 
common in chemistry. The reversible equation follows: 

2N02^N204. 

Nitrogen peroxide is unstable enough to support ordinary 
combustion very readily. It is very soluble in water, nitric 
acid being formed by such solution. (See Section 199.) 

Nitrogen peroxide is a very useful oxidizing agent. It 
loses oxygen in the presence of a reducing agent and the 
nitric oxide formed may take on more oxygen. 
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SUMMARY 

Nitric acidj a strong acid called aquafortis^ is prepared by beat- 
ing a mixture of sodium nitrate and sulfuric acid. When a lightning 
discharge occurs in moist air, some nitrogen and oxygen unite. to 
form nitric oxide, which immediately unites with more oxygen to 
form nitrogen peroxide, which dissolves in water and forms nitric 
acid. This acid is prepared by the oxidation of ammonia. 

Nitric acid is a heavy, colorless liquid; it boils at 86° C. In 
water solution the acid is fairly stable. In very dilute solution it 
may act as an acid. In concentrated solution it is a vigorous 
oxidizing agent. Nitric acid seldom liberates hydrogen when it 
acts on metals; it usually liberates nitric oxide or nitrogen peroxide 
and forms nitrates of the metal. 

The nitrates are all water soluble. When heated they decom- 
pose, and form oxygen or oxides of nitrogen. They find use as 
fertilizers. 

To test for a nitrate, mix the unknown solution with a coiicen- 
j trated solution of freshly prepared ferrous sulfate, and add 

concentrated sulfuric acid, letting it run down the side of the 

1 inclined tube. A brown ring formed at the Junction of the two 
liquids shows that the unknown solution contained a nitrate. 
Aqua regia is a mixture of hydrochloric and nitric acids that will 
I dissolve some metals that are not acted upon by single acids. The 
I salt formed is a chloride. 

Nitric acid is used: (1) to prepare nitrates; (2) in the dye indm~‘ 
try; (3) in making artificial silJc^i; {4) in making plastics; 
(5) in making explosives. 

Practically all modern explosives are made by the action of a 
mixture of nitric and sulfuric acids on such substances as cotton, 
glycerine, carbolic acid, or toluol. They are nitrates or nitro- 
compounds of these substances. 

Nitrous acid and the nitrites find use in the dye industry, and to 
some extent medicinally. 

Nitrogen forms a series of five oxides. Nitrous oxide, N 2 O, is 
used as an anesthetic; nitric oxide, NO, is a carrier of oxygen; 
nitrogen peroxide, NO 2 , is a vigorous oxidizing agent. The other 
two are not very important. ' 
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QUESTIONS 
Group A 

1. Why does nitric acid acquire a yellow color when exposed 
to sunlight? 

2. Explain why modern w^arfare would be practically impos- 
sible without nitric acid. 

3. Explain w’hy life would soon cease to exist without nitric 
acid and the compounds of nitrogen. 

4. If you spilled some concentrated nitric acid on your hands, 
what should you do? 

5. How would you neutralize acid stains on clothing? Is 
the method satisfactory for removing spots made with nitric acid? 

6. Given five unlabeled jars containing the following gases: 
oxygen, nitrogen, nitrous oxide, nitric oxide, and nitrogen per- 
oxide. How would you identify each one? 

7. The colonists who settled at Jamestown grew one crop after 
another of tobacco. Explain how they were robbing their soil of 
its fertility. 

8. If you inherited a farm that had been robbed of its fertility, 
how should you proceed to build it up again? 

9. How would you test the white of an egg for protein? 

10. If you had a sample of metal that contains both silver and 
gold, how could you separate the silver from the gold? 

11. In 1898 Sir Wm. Crookes gave a pessimistic lecture in 
which he predicted a food famine when our nitrate supplies would 
become exhausted. Do you think there is need to worry now? 
Explain. 

Group B 

12. Make a list of the uses of explosives for industrial (non- 
warfare) purposes. 

13. If you had been a United States Senator from your state 
in 1920, what action would you have undertaken concerning the 
Muscle Shoals plant? 

14. Since nitric oxide has a larger per cent of oxygen in it than 
nitrous oxide has, why is the latter the better supporter of com- 
bustion^ 
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15. Do you think that nitric acid would give a brown ring which, 
is characteristic of the test for nitrates? Is nitric acid a nitrate? 
Explain. 

16. Explain what is meant by each of the following : aquafortis; 
aqua ammonia; aqua regia, 

17. Why cannot nitric acid be used with zinc in the preparation 
of hydrogen? 

18. What law is exemplified by the oxides of nitrogen? State 
the law as concisely as you can. 

19. ' What is meant by detonation? Why is it necessary to use 
a detonator with other explosives? 

20. Do you think that you could prepare nitric acid by the 
interaction of silver nitrate and sulfuric acid? Explain. 

21. How can one determine that nitrogen peroxide has the 
formula NO2 at high temperatures, and N2O4 at low temperatures? 

22. Look up the origin of the wwd fulminate” and then tell 
whether you think fulminate of mercury is a suitable name. 

PROBLEMS” 

Group A 

1. A sample of sodium nitrate is 90% pure. How many 
pounds of nitric acid can be made from one ton of the nitrate? 

2. A sample of potassium nitrate is 90% pure. How many 
pounds of nitric acid can be made from one ton of the nitrate? 
If sodium nitrate and potassium nitrate were the same price per 
pound, which would you use in the manufacture of nitric acid? 

Group B 

3. How many liters of nitric oxide can be prepared by the 
action of 252 gm. of nitric acid on an excess of eo])per? 

4. If the air W' ere 20% oxygen, in what proportions should air 
and ammonia be mixed to oxidize ammonia to nitric acid? 

5. In what proportions should the air and nitric oxide ])e 
mixed to prepare nitrogen peroxide? 

6. How many liters of nitrous oxide can be pre])ared by 
heating 500 gm. of ammonium nitrate? 
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Vocabulaiy 

“form”) Without crystal- 

Refractory. A substance that does not melt easiiv. 

Abrasive. A hard substance used for cutting, grinding or noliqlii'n 

flowing gases or liquids. 

LuhrirLt ^ A w ^ “rumble.”) Easily crumbled to a powder 
ubncant A pbstance used between the moving parts of mn 
chmery m order to reduce friction. ^ ^ 

218. Carbon in Almost Everything. The element car- 
bon IS not quite omnipresent, but we find it in our fuels in 
gasoline, in lubricating oils, in wood, in paper, in our textile 
fibers, m the tissues of our body, and in our foods. When 

too hot, the presence of carbon is shown by the black color 
a IS evident. In all the substances just mentioned, the 
carbon is present in the combined form, usually united with 
hydrogen or with hydrogen and oxygen. In tMs chapterwe 
shall study carbon as free or uncombined. 

219. Carbon Occurs in Different Forms. In our study 
of oxygen, we learned that oxygen may absorb energy and 
become more active in the form of ozone. Carbo^^ too 

crystallized form pure carbon exists in the diamond. (2) In 
another crystalline form, less beautiful but more useful, we 
hnd carbon as a grayish-black substance called graphite. 
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(3) By. the heat treatment of many substances that contain 
carbon, a non-crystalline, amorphous residue of carbon is left. 
'We are familiar with such forms of carbon in charcoal^ coke^ 
lamphlackj and boneblack. 

220. The Diamond — the Hardest Natural Suhstance. 
Ivimberley, South Africa, is well known in motion picture 
and in story for its diamond mines.. The Cullinan cliamoiid, 
taken from those mines, weighed about one and one third 
pounds. It is the largest ever found. In the rough, the dia- 
mond does not haA^e the shape or luster that we know, but 
to give it that appearance it must be cut and polished. 

The diamond is the densest and the hardest form of carbon. 
It is about 3.5 times as dense as water. Its value as a 
depends upon its ability to reflect and refract light. It has 
the highest knoAvii index of refraction, nearly 2.5. The 
skilled cutters of Holland, Belgium, and New York know how 
to cut the diamond to enhance its beauty by an increased 
play of colors from numerous facets. 

The diamond is insoluble in ordinary reagents. By 
ing a diamond in oxygen, it may be shown that it is coinposed 
of pure carbon, because nothing but carbon dioxide is formed. 
Since diamonds are formed by crystallization under X->ressure, 
Henri Moissan, a French chemist, conceiA^ed the idea of mak- 
ing them. He dissolved carbon in molten iron, its only sol- 
vent. Then he plunged the molten iron into a bath of melted 
lead to cool it quickly. The iron cooled first on the 
and contracted, producing tremendous pressure upon 
inside. When the mass was broken open, some small 
monds were found inside. The only sad part of the 
lies ill the fact that one needed a good microscope to 
them.': 

221. Uses of the Diamond. The use of the diamond 
a gem is knowni to all The carat is the unit weight used, 
equals 200 milligrams. But its great hardness makes 
M for several other purposes^ Figure 137 shoAvs a 
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Fig. 137. — A saw fitted witii diamond teeth for 
marble. 


as dies for drawing fine wire. Tungsten wire, to be used for 
electric light filaments, is made by pulling it through a small 
hole in such a diamond die. It may be drawn so fine that its 
diamond is about J that of the average human hair. 

The black diamond, found in Brazil, is not suitable for 
gems. It is used extensively by mining prospectors in the 


with diamonds that serve as teeth. It is used for sawing 
marble. A chip diamond may be used to cut glass ; it may 
be used as the point in place of a steel phonograph needle. 
Diamonds are also pierced and set in a brass disc to be used 
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diamond drill. A steel shoe, set at the end of a pipe abont 
1|- in. in diameter, is studded with black diamonds. As this 
drill is turned by machinery, it will cut its way down through 
the hardest rock. The core that is cut out by the driil is 
brought to the surface, where it may be examined and ana- 
lyzed. In that manner, engineers and prospectors can get a 
good idea of the extent and the richness of beds of ore as they 
lie several hundred feet underground. 


222. The Electric Furnace. In order to melt the iron 
and the charcoal, Moissan used the electric furnace. The 
simplest form of such a furnace consists of two (‘arbon rods 



Fig. 138. — a simple electric furnace. The arc formed between the 
two carbons gives a temperature of 3600° C., or more. 


mounted in a block of refractory material. (See Fig. 138.) 
"IVhen the carbon rods, which serve as electrodes, are brought 
together momentarily, the heat produced by the electric 
current vaporizes some of the carbon and forms an arc of 
carbon vapor. This vapor continues to conduct the current 
after the rods have been slightly separated. The tempiTa- 
ture is very high, estimated at about 3500"^ C. Several 
chemical reactions take place a.t this high tcjmpcrature tluit 
cannot be brought about in any other way. 

Some of the products of the electric furnace include the fol- 
lowing: carbon disulfide j CSz; carbon tetrachloride^ CUE; 
calcium carbide, GaC 2 ; artificial graphite, ^^Carhonmdum,'' 
SiC; and high grade siccZ. Figure 139 shows an electric 
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furnace that is used for making calcium carbide. When 
lime and coke are heated in such a furnace, the reaction that 
occurs may be represented as follows: 

CaO + 3C CaCs + CO T . 

Carborundmny^^ an excellent abrasive, is made in a similar 
manner by heating sand and coke in an electric furnace. 

223. Graphite — a Soft Form of Carbon. While the dia- 
mond is the hardest natural substance known, graphite is 


Fig. 139. — An electric furnace used for making calcium carbide. 

SO soft that it may be scratched by the thumb nail. It is also 
a crystalline form of carbon; it is friable, and has a greasy 
feel. Its specific weight is about 2.25, It is quite a good 
conductor of electricity, although a non-metal. Like the 
diamond, it does not dissolve in ordinary reagents, and it 
forms nothing but carbon dioxide when it burns in oxygen. 

New York and Pennsylvania supply some graphite, but 
the best graphite comes from Ceylon and Siberia. Acheson, 
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an American chemist, conceived the idea of making graphite. 
(See Fig. 140.) He learned that graphite is formed when the 
vapor from carbon condenses. By heating hard coal or coke 
in an electric furnace, graphite of good quality is now manu- 
factured. (See Fig. 141.) It was Acheson, too, who first 
made carborundum. A 
furnace used for making 
graphite is shown in 
longitudinal section in 
Fig. 142. 

224. The Uses of 
Graphite. 1. Asahbri- 
cant. Every boy has 
used a stick of graphite 
to grease his bicycle 
chain. If oil were used 
on such a chain, dust 
would stick to it and cut 
the metal away rapidly. 

The dust does not adhere 
to graphite so readily. 

At high temperatures, 
some oils used as lubri- 
cants will decompose or 
vaporize. Graphite 
makes an excellent lubri- 
cant for use at high temperatures, because it is non-volatile. 
Acheson learned how to sub-divide graphite into such fine 
particles that they do not settle when mixed with water or 
oil All emulsion of such particles in w’-ater is known as 
aquadag (aqueous deflocculated Hcheson graphite;) oiMag and 
gredag are names given respectively to suspensions of finely 
divided graphite in oil and grease. They are all good lubri- 
cants. Sometimes graphite is added to smokeless powdens 
to reduce the friction in the gun and decrease erosion. 


Courtesy Acheson OUdag Corp.' 

Fig. 140, — Edward Goodrich Acheson 
(1856-) is an American chemist who was 
awarded the Count Eumford medal and 
the Perkin RevSearch Medal for his inven- 
tion of carborundum, artificial graphite, 
and siloxicon. 



Fig. 142. — Sectional view of a furnace for making 
graphite. 

the particles together, it makes excellent crucibles to be used 
for high temperature work, 

3. As a conductor. The wax impression used for making 
electrotypes is dusted with graphite to make it a conductor, 
j Graphite also finds use for making the electrodes used in elec- 
tric furnaces. Some electrodes as large as 17 in. in diameter 
! are made for such use. 
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of adsorbing gases in large quantity is the most remarkable 
physical property of charcoal. For example, 1 cu. in. of 
freshly prepared charcoal will adsorb 90 eu. in. of ammo- 
nia gas. When poison gases began to be used during the 
war, chemists tried making charcoal from other materials 


Courtesy United States Steel Corp. 

Fig. 145. — Removing coke from bee-hive ovens. These ovens are 
obsolete now and the by-product ovens are displacing them. In some 
places such ovens extended for half a mile in an unbroken line. 


to try to find some that are more adsorptive. They learned 
that charcoal made by heating cocoanut shells, the stones 
from such fruits as peaches and prunes, and the shells of nuts, 
adsorbs about 9 times as much gas as ordinary charcoal made 
from willow. Such charcoal was activated for use in gas 
masks. (See Fig. 144.) Soda lime was added to destroy 
some poisonous gases. As other poisonous gases made their 
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Fig. 146. — Battery of by-product coke ovens. 

3500° C. At a high temperature, it unites with oxygen. Thus 
it is a reducing agent 

Charcoal finds some use as a fuel and as a reducing agent. 
Since it adsorbs gases so readily, it is a good deodorizer. It is 
also used to decolorize some liquids, 

227. Coke. If we heat a piece of soft coal in a hard glass 
tube, we can drive off quantities of coal gas, coal tar^ and am- 
monia, The residue left in the tube is coke. Prior to 1914, 
more than 75% of all the coke made in the United States was 


appearance, the chemists for the defense added to the acti- 
vated charcoal such chemicals as sodium phenylate, sodium 
permanganate, copper sulfate, hexamethyleneamine, and the 
oxides of certain metals in order to neutralize the poisonous 
gas or to destroy its toxicity. 

Chemically charcoal is inert at ordinary temperatures. It 
is insoluble in ordinary reagents. It vaporizes at about 
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made in bee-hive ovens (Fig, 145). • In .such an oven part of 
the coal is burned to supply the heat needed to drive off the 
volatile matter from the unburned portion. It is estimated 
that the waste in 1913 from the ammonia, the gas, and the 
coal tar which were driven off into the air and never recovered 
amounted to $70,000,000. 

The World War helped to teach us to conserve our natural 

T-AQAiirnAQ TIia is a. fArtili^pr* f.liA PAal i« 


Fig. 147. — These towers, tanks, stills, and condensers conserve for 
one company 26,000,000 cu. ft. of gas per day; 18,000 gals, of ben- 
zol; 60,000 lb. of ammonium sulfate; 17,800 lb. of tar; and 4500 gals, 
of refined oE. 

splendid fuel; and from coal tar the chemist makes drugs, 
dyes, and explosives. Now more than 95% of the 50,000,000 
tons of coke produced annually in the United States is made 
in by-product coke ovens of the type shown in Fig. 146. Sueli 
ovens save the volatile by-products and increase the yield of 
coke from 10% to 15%. Figure 147 shows a net-work of 
pipes and condensers used to recover ammonia, tar, gas, and 
oil in the distillation of soft coal. 

Coke is a gray solid, harder and denser than charcoal. It 
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bums with little flame, but it has a high heat content. Hence 
it finds use as a fuel. Coke is an excellent reducing agent. For 

every pound of iron produced, 
it takes about one pound of 
coke. Many of the ores of iron, 
copper, tin, and zinc are oxides. 
To take the oxygen away from 
the metals in such ores, millions 
of tons of coke are used annually 
in the United States alone. 

228. Animal Charcoal, or 
Bon^black. When bones, blood, 
or animal refuse is heated in 
retorts, animal charcoal, or 6onc- 
black is left as a residue. Bo?ie 
oil and 'pyridine are obtained 
as by-products from such de- 
structive distillation. Bone- 
black usually contains considerable mineral matter, present 
as calcium phosphate. Sometimes it is treated with an 
acid to dissolve the mineral matter. 

Like charcoal, boneblack is also a 
good adsorbent. It finds use in de- 
colorizing and clarifying liquids, es- 
pecially crude sugar solutions. Figure 
148 shows a diagram of a boneblack 
filter that may be used to remove 
the brown color from a solution of 
crude sugar. 

229. Lampblack. Possibly at some 
time you may have lighted a kerosene fig. 149. — Gas carbon 
oil heater, and turned the wick a little making 

too high. You found that finely 
divided particles of carbon are set free when kerosene oil 
burns in an insufficient amount of aii% 




through lampblack. 


GAS CARBON 


295 


The lampblack of commerce is made by burning oils in an, 
insuflScient supply of air. Carbon black, m,ade by burning 
natural gas in an insuiEcient supply of air, is not so greasy or 
tarry as lampblack. In commercial practice, the carbon is 
deposited on the cool under-surface of a revolving disc, and 
scraped off into bags. 

Lampblack is a velvety powder, which finds use in making 
printer’s ink, shoe polish, India inks, carbon paper, black 
varnishes, and as a pigment in paints. Used as a filler in 
automobile tires, it helps to conserve the life of the rubber. 

230. Gas Carbon. In the manufacture of coal gas, finely 
divided carbon collects on the walls of the retorts. When it is 
collected and pressed into sticks, it becomes quite a good con- 
ductor of electricity. Gas carbon is used to make the positive 
plate of dry cells, and for making the rods for use in the elec- 
tric arc. (See Fig. 149.) 

SUMMARY 

Carbon is present in the air in the form of carbon dioxide; it 
occurs in all organic matter, both plant and aninial. It is found 
imcombined in graphite and the diamond. 

Carbon exists in three allotropic forms : amorphous caTho7i, 
graphite, and the diamond. 

Diamond y a crystalline form of pure carbon, is the hardest 
mineral known, it finds use in jewelry, and as an abrasive. 

Graphite, a soft, crystalline form of carbon, is used as a lubricant, 
in paints, as electrodes, for making crucibles, and in ^^lead” pencils. 

Artificial graphite, calcium carbide, carbon disulfide, carbon, tetra’- 
chloride, “ Carborundum,^^ and high grade steels are products of tlie 
electric furnace. 

Charcoal IB made by the destructive distillation of wood; coM 
is made by the destructive distillation of soft coal; and honcblack 
is made by the destructive distillation of bones. 

At ordinary temperatures, all forms of carbon are inert; at 
higher temperatures, they unite with oxygen to form either car- 
bon monoxide or carbon dioxide. 
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Carbon adsorbs gases; hence it is suitable for use as a deodorizer, 
a decolorizer, and for use in gas masks. Because it is insoluble 
in ordinary reagents, it is useful in pigments, in paints and lac- 
quers, and in printer's ink. 

QUESTIONS 

1. Why is it so difficult to remove stains made by printer\s 
ink? 

2. Why is carbon one of the most important elements? 

3. What properties has graphite that make it useful for stove 
polishes? 

4. Why is graphite suitable for use in paints? 

5. What makes a kerosene lamp burn with a smoky flame? 
Suggest two remedies. 

6. Make a list of products made in the electric furnace. Is it 
the electricity or the heat that causes the chemical reactions? 

7. Why is the name ‘‘lead’' pencil misleading? Suggest a 
better name. 

8. Does charcoal decay? Why are posts sometimes charred 
before they are put into the ground? 

9. How would you prove that the various allotropic forms of 
carbon contain nothing but carbon? 

10. How would you distinguish diamonds from cut glass 
brilliants? 

11. Which of the forms of carbon, if burned in oxygen, will 
give the lowest per cent of ash? 

12. Powdered charcoal, copper oxide, and manganese dioxide 
all have the same appearance. How would yon identify each one? 

13. How would you proceed to show that a sample of sugar 
contains carbon? 

14. Write equations to show two products that may be formed 
when charcoal burns in air. 

15. Discuss the changes that a piece of charcoal may undergo 
in order to become a piece of protoplasm in your body. 

16. Charcoal tablets are sometimes used medicinally. Explain 
why they relieve flatulency. 


CHAPTER 19 


TWO OXIDES OF CARBON 

Vocabulary 

Fermentation. A chemical change produced by some micro- 
organism, such as yeasts or bacteria. 

Sublime. To change from a solid state to a vapor without liquefying. 

Dehydrate. To remove water from a substance. 

A. CARBON DIOXIDE 

231. Where Carbon Dioxide Is Found. We know that 
carbon dioxide is found in the air at all times. It is constantly 
being given off by the breathing of animals, and as a product 
of ordinary combustion. 

232. How Carbon Dioxide Is Prepared. Of the several 
methods of preparing carbon dioxide, three are given here: 



1. By btir fling carbon. This method has already been 
given. We know that carbon dioxide is one of the products 
of combustion whenever any material that contains carbon 
is burned. If we use this method of preparing the gas, it will 
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be contaminated with the constituents of the air and with 
other products of combustion. 

2. Action of acids on carbonates. (Usual laboratory 
method.) If we pour a little hydrochloric acid on some 
lumps of marble^ which is calcium carbonate^ CaCOs, carbon 

dioxide will be evolved 
and calcium chloride will 
be formed. (See Fig. 
150.) The equation for 
the reaction follows: 


CaCOs + 2HC1 
CaCb + H 2 O + CO 2 T . 


It is probable that 
carbonic acid, H2CO3, is 
first formed, and that it 
decomposes, liberating 
the gas, which bubbles 
off with effervescence. 
(See Fig. 151.) The gas 
may be collected by 
water displacement, if 
it is generated rather 
rapidly. It may also be 
collected by air displace- 
ment. 

Almost any acid may 
be used with almost any 
carbonate. For example, sodium carbonate reacts with 
sulfuric acid and liberates carbon dioxide. The action of an 
acid on a carbonate with the liberation of carbon dioxide 
with effervescence is so typical that it serves as a test for 
carbonates. An equation follows: 


Photo hy WeUlin 

Fig. 151. — Carbon dioxide escapes with 
effervescence when an acid is added to a 
carbonate. 


Na^COa + H2SO4 ^ Na2S04 + H2O + CO2. 
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3. By heating cai'bonates, (A commercial method.) In 
the manufacture of quicklime, CaO, limestone is strongly 
heated. Limestone ^is also a form of calcium carbonate; it 
gives up its carbon dioxide when it is heated. The equation 
for the reaction follows: 

CaC03->CaO + C02T. 

Nearly all carbonates behave in a similar manner when 
they are heated, although the carbonates of sodium and po- 
tassium are exceptions. 

233. Physical Properties of Carbon Dioxide. This gas is 
colorless, but it has a slightly pungent odor and taste. It is 
about 1-1 times as heavy as air. Hence it can be poured from 
one vessel to another. It usually diffuses with the air, but 
sometimes it collects at the bottom of dry wells, mines, and 
caves. Before entering a dry well, workmen often lower a 
lighted candle to see whether there is enough carbon dioxide 
present to extinguish the flame. If the candle goes out, the 
air is unfit to breathe, and the heavy gas must be bailed out 
with buckets before it is safe for the workmen to go down. 
It is amusing to see a man lower a bucket on a rope, raise it 
again, and pour out apparently nothing, a colorless gas. 
Carbon dioxide is not poisonous, but animals die in it from 
suffocation. The gas is easily liquefied, and the liquid carbon 
dioxide is sold in steel cylinders. 

If a cloth bag is held over the mouth of a cylinder of liquid 
carbon dioxide, and the valve is opened, the cooling effect 
produced by the rapid evaporation of the liquid will cool some 
of the remaining liquid enough to form particles of carbon 
dioxide ice or snow. ■ ■ 

234. The Chemical Behavior of Carbon Dioxide. This 
gas is very stable. It neither burns nor supports combustion, 
although burning magnesium is hot enough to decompose 
carbon dioxide, and continue to burn by taking the oxygen 
from it and leaving the carbon uncombined. 
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Carbon dioxide^ dissolves in cold water readily, or perhans 
It IS better to say it interacts with water. It is the anhydride 
of carhomc Mid. This is a weak acid that exists in water 
solution only. It is easily decomposed by heat, as repre- 
sented by the reversible equation : 

H2O -b CO2 ^ H2CO3. 

When carbon dioxide is passed into the water solution of a 
base. It unites with the base to form a carbonate. This reac 
tion we have already studied in the test for carbon dioxide 

by passing the gas into lime water, or calcium hydroxide 
I he equation, 

Ca(OH )2 + CO 2 — CaCOs J. + H 2 O, 

wir'oJhS ‘^a.^bonate is precipitated. The reaction 

sif w '' carbonates are 

soluble and no precipitate is formed. For example, 

2NaOH + CO 2 — Na 2 C 03 -f H 2 O. 

236. The Uses of Carbon Dioxide. This p-ss » i. 
wide and varied use that several companL 
liquid carbon dioxide for the market. It is also used in 

Xt“fead" i in the manufacturt of 

wlnte lead, processes. which are discussed elsewhere 

2. In fire extinguishers. Since carbon dioxide dnec 

MCO “"7 ^ e^inguish fires. Dry baking soda 

^ben thrown on a fire, and sets free 

oxygen Supply"’ "" shuts off the, 

2NaHC03 -> NaaCOs + CO 2 t + H 2 O. 
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In a fire extinguisher of the type shown in Fig. 152, about 
1|- lb. of baking soda are dissolved in water. The small, 
loosely stoppered bottle contains concentrated sulfuric. acid./ 
When the extinguisher is turned bottom side up, the acid 
spills out and mixes with the baking soda 
solution. The chemical reaction is rep- . 

resented by the equation, 


2NaHC03 + H2SO4 ’ 


Na2S04 

2H2O “b 2OO2 t • 


The pressure of the gas forces a stream 

of water and carbon dioxide bubbles into 

the fire. The use of firefoam with ex- ' 

tinguishers of this type is discussed in 

Section 416. • 

3. In carbonated beverages. Some min- 
eral waters contain considerable quail- 

titles of carbon dioxide in solution. The . 

soft drinks that are sold so extensively are EEEr2E£E^£E£ L 

charged by forcing carbon dioxide into 

the beverages under pressure. Effer- 1^— 

vescence occurs when the bottle is opened. Fig. 152. — Car- 

Soda water is charged in the same man- unguSher.^^ 

ner by forcing carbon dioxide into the 

fountain under a pressure of several atmospheres. Some 

fermented beverages are charged with the carbon dioxide 

that is produced during fermentation. 

4. As a leavening agent. In the baking of bread, yeast is 
used to act upon starches and sugars and cause fermenta- 
tion, which may be represented by the following equation: 

CeHiaOe 2C2H5OH + 2CO2 T - 

sugar alcohol 

As the bubbles of carbon dioxide become entangled in tlie 
plastic dough, they cause it to rise, not only while they are 
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being liberated, but also in the oven when they are heated 
during the baking (Law of Charles). In many large bakeries 
compressed air is used for leavening. 

There are other ways of liberating carbon dioxide without 
the use of yeast. Sour milk contains an acid which interacts 
with baking soda and liberates carbon dioxide. Molasses 

unites chemically 
with baking soda and 
sets free the carbon 
dioxide. 

Baking powders 
differ from baking 
soda, because they 
contain the soda and 
some acid substance 
mixed with it. Starch 
is used to keep the 
powder dry, and 
the soda furnishes 
the carbon dioxide. 
The acid compound 
varies with the type 
of baking powder. 
Some powders con*- 
tain cream of tartar 

Courtesy Dry Ice'' Corporation Or tartaric acid ; ail- 

Pig. 153. Solid carbon dioxido rnay b© Other tvpe llses cal- 
sawed into blocks. . . t i 

cmm acid phosphate; 
and a third type uses a double salt, anhydrous sodium alumi- 
num sulfate. 

5. Ab a refrigei'ant In Section 233 we learned that solid 
carbon dioxide may be formed by the rapid evaporation of 
liquid carbon dioxide. This solid has a temperature almost 
80 below zero Centigrade. In a proper container, 1 pound 
of it is as effective a cooling agent as from 10 to 15 pounds of 
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ice. It does not wet material with which it comes into con- 
tact, because it siMuneSj or changes fro.na the solid to the. 
gaseous state, without melting. (See Fig. 153.) ' It is coin-' 
mercially manufactured under the name of “dry ice.’^ 

, For shipping foods it is quite useful. Its tem^perature is so 
low. that it must not be handled with bare hands^ as it produces 
such serious freezing that amputation m.ay be necessary. 


Courtesy of Mine Safety Appliances Co, 

Fig. 154, — A mixture of carbon dioxide and oxygen, called carbogen, is 
used for resuscitation work. 


An interesting experiment in rain-making was tried siiccess- 
fully over the Zuyder Zee in Holland, Finely divided solid 
particles of carbon dioxide were sprayed from an airplane at 
a high elevation. Such sudden chilling of the air caused the 
moisture of the air to condense and form rain. 

6. In resuscitation work. It seems strange to think of 
using carbon dioxide for pneumonia and asphyxiation from 
poisonous gases, but a few per cent of carbon dioxide will 
at^cel crate respiration. A mixture of from 5% to 10% of 
carbon dioxide with pure oxygen, known as carhogeny is oft(m 
used. Hospitals use such a mixture in treating alcoholic 
poisoning. The oxidation of the alcohol increases the anioiint 
of carbon dioxide and lactic acid in the body. The carbon 
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the carbogen mixture increases the 
fie oxygen completes the oxidation o 
causes the ‘*hang overd^ 


B. CARBON MONOXIDE 

ory. Every few days we read in tlr 
someone has lost his life by inhaling thi; 


T ataf 


Hcadachc,0i2 
Impaired Judi 


xposurc 


Courtesy of Scientific America 
inhaling carbon monoxide. 


The graph shows 


a fire that was improperly banked, or 

Ill set fr^ enough of this gas in five 
air m a closed garage dangerous. 
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237. How Carbon Monoxide Is Prepared. I When ear 

bon hums in an insuffieient supply of air Whl 

burn. i„ air or oay^., 

there is not enough air or oxvmi nre<.Pnt f , . 
all the carbon, then the following reaction occure!' 

2C + O 2 2CO T . 

The gas is usually mixed with other gases when a fuel 
bum. wrthout haviag a proper draft. Tim 
monoxide is a rather dangerous one ss if .. n !. 
of improperly banked 6rS ’ ‘ 

2. from the nduciu,, oj aerbon di„ide. Wlien ra,l,„„ 
to* com« mto eontaet with white-hot earlmn or 
it to leduced to carbon monoxide. This reaction is an hn 
portant one bccan.e earbon monmide L. very it.efni i" Z 
extraction of metals from their ores. ‘ / ^ 

C02 + C->2C0 T. 

The carbon monoxide that is produced takes the oxygen from 

tiie hot ore and forms more carbon dioxide; thc^neta! i< 
left uncombmed. "" 

3. From the decomposition of oxalic acid. This is the usual 
laboratory method of preparing carbon monoxide All 
organic acids have one or more COOH groups in their com- 
I-iosition. Oxalic acid is made up of two such groups R 
has the tonnula (COOH). When this acid is heated with' 
sulfuiic acid, which is a good dehydrating agent, one inolecuic 
) Mater is abstracted from a molecule of the oxalic acid hx 
■ Mill unc, and the rest of the oxalic acid moh'culc fhim 
decomposes into carbon monoxide and carbon dioxide. The 
o owing formula shows how the molecule is decompo.siHl; 
COjOH 

cooIh 

When the HpO is taken away by the sulfuric acid, the rest 
111 the molecule splits into two parts as indicated by the liiie.s. 
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Hie carl^jon dioxide may be separated from the carbon mon- 
oxide by bubbling the gases through sodium hydroxide solu- 
tion. The carbon dioxide unites with the sodium hydroxide 
and forms sodium carbonate, but the carbon monoxide is not 
dissolved. The equation for the decomposition of oxalic acid 
is as follows: 

(cooh) 2-~>H20 + CO t +CO 2 T. 

Since the sulfuric acid is not changed during the reaction, it 
is not included in writing the equation. The carbon monox- 
ide is collected by water displacement. The fact that this ga.s 
has no odoi' and that it is so poisonous makes its laboratory 
preparation by students ill-advised, 

238. Physical Properties of Carbon Monoxide. A color- 
less, odorless, tasteless gas, carbon monoxide is slightly 
lighter than air. Its density is the same as that of nitrogen. 
It ivS a difficult gas to liquefy. Carbon monoxide Ls only 
slightly soluble in water. 

239. Chemical Behavior of Carbon Monoxide. Anyone 
who has watched the flame from a hard-coal stove has noticed 
the pretty, blue flame that is produced after a fresh supply of 
coal has been added. This is the flame from burning carbon 
monoxide. The burning gas from hard coal consists largely 
of carbon monoxide. It readily combines with oxygen, tak- 
ing it from many other substances, and thus acting as a reduc- 
ing agent. 

As small an amount as 0.1 of 1% is dangerous to life, and 
rapidly produces fatal results. It is especially treacherous, 
since persons have no warning of its presence. In the few 
('ases where persons who have bc^en overcome by this gas 
have been resuscitated, they have stated that they did not 
realize they were in a dangerous atmosphere until they were 
unable to help themselves. Canary birds and white mice 
are very susceptible to this poison, and they are used in 
tunnels and mines to serve as a warning to the workers. It 
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combines with the hemoglobin in the red blood cells and 
makes them incapable of carrying oxygen. The coiiipouiid 
it forms is so stable that artificial respiration is not v<;*ry 
successful. In bad cases, blood transfusion is necessary. 

Since the exhaust from motor vehicles contaminates the air 
C|uickl,y, an engine should never be warmed up in a garage. One 
of the big problems for the en- ' 

gineers constructing the Holland 
Tunnel under the Hudson River 
was that of adequate ventilation. 

In eacdi of ' t\vo ventilating build- m ^ ^ 

iiigs at the opposite ends of .the M 

9250 ft. tunnel, there are 21 large ‘--dW 

elec'tric fans, capable of forcing 
1,900,000 cu. ft. of air per minute 
through the tunnel. There is no 
horizontal draft, but the air rises 
to the exhaust ducts directly. 

(See Fig. 156.) Although millions of cars have passed 
through this tunnel, yet the ventilation has been successful. 

240. Uses for Carbon Monoxide. There are three very 
important uses for carbon monoxide: (1) As a reducing agent; 
(2) A.S a fuel; (3) For making wood alcohol. During the war 
it was combined with chlorine in the presence of charcoal as 
a catalyst to make a very deadly gas known as phosgene^ 
COCb. It is suffocating; it attacks the membranes of the 
respiratory organs and tends to- stop the action of the heart. 
Phosgene in 1700-lb. cylinders' was being .shipped from f*]dge- 
wood, Maryland, to the shell-fi.lling stations in Fmimt w1k*u 
war ended in 1918. Hopcalite, a mixture of several... me- 
tallic oxides, was used in gas masks to oxidize ear!)on mon- 
oxide and convert it into carbon dioxide. 

1. As a reducing agent. In extracting iron, copper, zinc*, 
and some other metals from their ores, carbon monoxide is 
used to take away the oxygen from the oxides of these metals. 


Fig. 15G. — - Cross-section 
of the Holland Tunncji. 
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The carbon monoxide is obtained by the partial oxidation of 
coke, charcoal, or coal. The equations follow: 


FeaOs + .SCO • 
CuO + GO- 


► 2Fe + 3C02 T. 

•Cu + CO 2 t. 


, 'rhese reactions are typical of some of the most important 
ones in industrial chemistry, since they are used in obtainino- 

orir heavy metals. ' 

2 . As a fuel Sometimes when coal is burned, the carbon 
monoxide escapes up the chimney unburned. Then more than 
, half of the fuel value of the coal Ls lost by incomplete com- 
> birstioii. I able 8, m the Appendix, .shows us that more than 
; 3 time,, as much heat is produced when 12 grams of carbon 
1 burn completely and form carbon dioxide, as are formed when 
j 12 grams of carbon form carbon monoxide during partial 
combustion. Therefore, incomplete combustion forms a pob 
^ sonous gas and wastes fuel badly. Many of the fuel gases dis 

™*,1 i„ fallowing chapter contain ^rbonZtSie 

^ u making wood alcohol, or methanol. The French and 

the Germans developed in 1924 a process for making wood 
alcohol from carbon monoxide and hydrogen. Under ores 
sure the p.ses combine in the presence of a mixture of^zinc 
oxide and cop]ier used as a catalyst. The equation follows: 

; CO-f 2H,^CH30H. 

, npw- used extensively in the United States 

8 HO efficient that It co.sts les.s to make methanol synthetically 
han It doe.s by the old process of wood distillation. 

, I C. COMPOUNDS OF CARBON WITH NITROGEN 

This gas may be obtainc>d by 
* such as mercuric cyanide, Hg(CN).. It is 

e W ^ ‘^dor i.s like 

peach leaves. This gas is exceedingly poisonous. 
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★ 242* Hydrocyanic Acid and the Cyanides. If a com- 
pound coBtaiiiiiig the cyanide- radical (CN“) is treated with 
an acid, hydrogen cyanide (RC'N) is set free. It is, a volatile' 
liquid, boiling at 26° C., just a trifle' above' room tempera- 
tiire. The water solution of hydrogen cyanide is called 
prussic cmidj or hydrocyanic acid. The vapor of this add has 
an odor similar to that of peach blossoms. It is one of the 
most poisonous substances known. It is used to dcvsiroy 
rodents and all forms of insect life on ships. Im|.K)rtod trees, 
shrubbery, and plants are often treated with tlie viipor 
this acid to prevent the. introduction of insect j)ests. 

The most important salts of this add are tlie cyamks of 
sodium and potassium, NaCN and KCN. The cycmMe radical, 
(CN), has a valence of 1. Large quantities of sodium cyanide 
are used in silver'-plating baths, and in the extraction of gold 
from its ores by the cyanide process. The cyanides also find 
use in one of the special treatments for hardeniiig tlie surface 
of steel, in destroying rodents, and as insecticides. With per- 
haps one exception, compounds containing the cyanide radi- 
cal or group are extremely poisonous. 

Caution: Some cough syrups contain hydrocyanic mid;, 
their excessive tise may be dangerous. 

SUMMARY 

Carbon dioxide gets into the air by ordinary combustion and by 
the breathing of animals. It may he prepared by the comhusliov 
of carbonaceous material, by heating a carbonate, or l>y the actum 
of an acid 071 a carbonate . 

Carbon dioxide is a lieavy, colorless gas, moderately sc.duhle in 
water. Its water solution is known as carh(nm acid. Carbon 
dioxide is stable. It does not burn, iieitlier docs it support 
ordinary combustion. 

Carbon dioxide has several important uses: (1) it is used bg 
pla7its d, tiring photosynthesis; (2) in fire extinguishers; (3) as o 
leavenmg agent; (4) in carbonated beverages; (5) as '^dry ice.]' 
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Carbon monoxide is prepared: (1) when carbon dioxide is re- 
duced by carbon; (2) by the incomplete combustion of carbon; 
(3) by heating oxalic add with concentrated sulfuric acid. 

Carbon monoxide is a colorless, odorless, tasteless gas; it is 
very poisonous. It burns with a blue flame, and it is an excellent 
reducing agent. 

Carbon monoxide is used as a fuel and as a reducing agent. 
During the war it was used in making phosgene. It is not ad- 
sorbed by charcoal in gas masks, but it may be oxidized to carbon 
dioxide by the use of a mixture of oxides known as ^^Hopcalite.’' 
Large quantities are used in making wood alcohol, or methanol. 

Cyanogen is a compound of carbon and nitrogen. It is very 
poisonous. Hydrogen cyanide, HCN, dissolves in water to form 
a poisonous liquid known as hydrocyanic acid, or prussic acid. 
The sodium salt of this acid finds use in electro-plating, in gold 
extraction, and in heat treatment of steel. 

QUESTIONS 
Group A 

1. Why might a block in traffic in the vehicular tunnel under 
the Hudson River become dangerous? 

2. How would you distinguish carbon dioxide from nitrogen? 
Carbon monoxide from hydrogen? Nitrous oxide from oxj^^gen? 

3. Devise a satisfactory test for a carbonate. 

4. Name three reducing agents that we have studied. 

5. Name at least five oxidizing agents that wm have studied. 

6. In parallel columns compare the properties of carbon 
monoxide with those of carbon dioxide. 

7. What ingredient is present in nearly all baking powders? 
What is its purpose? Why is sour milk used with soda in baking? 

8. What is meant by a dehydrating agent? 

9. What are the physiological effects of carbon monoxide? 
Why is artificial respiration of little use when one is overcome wdth 
carbon monoxide? 

10. Make a list of all the cases you can where one might be 
exposed to danger from carbon monoxide poisoning. 
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11* How would you proceed to prove that carbon dioxide is 
considerably heavier than air? 

12. What objection is there to running an automobile engine 
ill a garage in the winter time to warm the engine or the garage? 

Group B 

13. A stick of sodium hydroxide changes to a white powder 
when exposed to air. Write the equation for the reaction. 

14. Is there any '^soda'^ in “soda water’’? Can you suggest 
a reason for the name? 

16. Why is hydrochloric acid used in preference to sulfuric 
acid in preparing carbon dioxide from calcium carbonate? 

16. When a bottle of lime water is left unstoppered, a white 
ring is formed on the bottle at the surface of the liquid. Explain. 
How can this ring be removed? 

17. What gas would you expect to be liberated when formic 
acid, HCOOH, is w^armed wdth sulfuric acid? 

18. Since “dry ice” costs about 10 times as much as ordinary 
ice, how can it compete with ice? 

19. The label on a sodium bicarbonate 'fire extinguisher reads 
“Tested at 350 lb. per sq. in. pressure.” ■ Explain. 

20. It is claimed that tobacco smoke contains small quantities 
of carbon monoxide. If you must smoke, what precautions should 
be taken? . 

PROBLEMS 

Group A 

1. How many pounds of ferric oxide can be reduced by 20 lb. 
of carbon monoxide? (Equation, page 308.) 

2. How many grams of carbon dioxide are formed when 
sulfuric acid dehydrates 100 gm. of oxalic acid? 

Group B 

3. How many liters of carbon monoxide are set free in No. 2? 

4. Calculate the weight of one liter of carbon monoxide. What 
is the weight of one liter of cyanogen? 

§. Calculate the number of liters of carbon dioxide that can 
be obtained from 1.5 lb. (454 gm. each) of sodium bicarbonate. 
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FUELS AND ILLUMINANTS 

Vocabulary 

Calorimeter. An instrument used to measure the heat content of 
a fuel. 

British Thermal Unit. The amount of heat needed to warm 1 lb. of 
water 1 ° F. 

Hydrocarbon. A compound containing hydrogen and carbon only. 

Cracking. Referring especially to the splitting up of complex 
molecules into simpler molecules. 

Capillarity. The rise of liquids in hair-like tubes, or tubes of small 
diameter. 

A. FUELS 

243. What Is a Fuel? If a substance burns and supplies 
heat and energy, it is really a fuel. Some of them are solid; 
several of them are liquid; and some are gaseous. They 
nearly all come directly from the plant kingdom, either from 
plants of the present time, or formed from plants that grew 
millions of years ago. Almost without exception, they are 
compounds of carbon. 

244. The Choice of a Fuel. In selecting a fuel, one 
looks for certain desirable qualities, and attempts to avoid 
fuels that have objectionable qualities. The ideal fuel should 
be low in cost, it should be easily kindled, and it should have 
a high heat content. On the other hand, there should be little 
ash or refuse, and no waste products that may become a 
nuisance. Few fuels, if any, meet all these conditions. The 
cost of some may be high, or their cost of transportation ex- 
cessive. All solid fuels leave some residue as the fuel burns,. 

Let us, consider soft coal. It is easily kindled; it does not 
burn up so rapidly that one must keep stoking the fire con- 
tinuously; it has a high heat content; the amount of ash is 
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not excessive, running from 5 to 10 per cent; the cost is not 
exorbitant; but it is difficult to burn it so that dense clouds 
of soot and smoke do not belch out of the chimneys, 
smudge the draperies in the house. 

Students who have not had physics may not know how the 
heat content of a fuel is determined. A sample of coal 
powdered, dried, and 

weighed; then it is fl yThermometer 


weighed; then it is f ^Thermometer 

mixed with some oxi- r battery 

dizing agent so it can | vK 

be burned in a closed ‘ 

vessel, or bomb. The | 

bomb is surrounded 

with 'a known w^eight | ^ 

of water whose tern- 1 

perature is carefully 1 ^^"~W~^oantomer 

■ measured just before | III M I 

the experiment is be- 1 r'.niS T i 

gun. Electric wires I 

dip into the bomb so 1 if. . 

the coal can be 1 i 

ignited. As the coal 1 ri‘rfril;.|lf rffii 

burns, the bomb is 1 i i^ater 

rotated to keep the 

water stirred so the — a bomb calorimeter by means of 

heat will be absorbed determined. 

by the entire naass of water. Figure 157 shows a type of 
bomb calorimeter used for determining the heat content 
fuels. The increase in temperature of the water is 
We have already had the calorie defined as the amount 
heat needed to warm 1 gm. of water 1° C. Knowing the 
weight of the coal, the weight of the water, and the number 
of degrees the water was warmed when the coal burned com- 
pletely, it is a matter of simple arithmetic to calculate the 
number of calories 1 gm. of the fuel liberated. If the result is 


Wafer 

oantainer 


^ Combusfibte 
I material and 
^j^xicttzen 

f^^/actes for 
isfirriny 


Fig. 157. — A bomb calorimeter by means of 
which fuel values can be determined. 
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wanted in Btu’s, the temperature is taken in degrees FpJ. 
heit. One Brim Thmal Unit is the amount of ZJl T'. 

a thick shoe of bread furnishes 100 calories, ^he JhS 

S_^Cob 


I g I I >■' 

Fio. 158. - Table of fuel composition. Eelative heat content ' 
01 lueis. 

suppirinough^elt totam ^ 5Jm“ci00r 

as th^' 7^^-^ dietetics is lOOoSies^as™ 

as the calorie used by the physicist. ^ 

246. Of What Are Fuels Composed? A glanpo «+ i 

accompanying table, Fig. 158, shows that nearl? all fuels J 
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tain large quantities of carbon, -either free or combined. 
Many of them contain hydrocarbons, which are compounds 
containing hydrogen and carbon only. Wood, for example;, 
contains considerable water, and the heat needed to evapo- 
rate such water must necessarily be subtracted from the fuel 
value. Oxygen in a fuel makes it burn with a cleaner flame, 
but since oxygen is not combustible, it does not add to the 
fuel value, and it increases the weight of the fuel. Wood, 
which has considerable moisture and also a high percentage 
of oxygen, has a low heat content compared to coal. 

246. What Products Are Formed By Burning Fuels? If 
a fuel contains nothing but carbon, nothing but the oxides of 
carbon will be formed when it burns. If the fuel also con- 
tains hydrogen, water will be formed. Some hydrocarbons 
contain such a high per cent of carbon that it is difiicult to 
bring into contact with them enough oxygen to burn the 
hydrogen and ail the carbon. In such cases, the products of 
combustion may be water, some carbon dioxide, and some 
carbon monoxide. In some cases dense clouds of unburned 
carbon escape into the air. Such combustion not only pol- 
lutes the air, but it wastes tremendous quantities of fuel. 
Table 8 in the Appendix shows that we get 97,000 calories by 
burning 12 gm. of carbon to carbon dioxide, and that we get 
only 29,000 calories when 12 gm. of carbon are burned to 
carbon monoxide. 

B, SOLID FUELS 

247. Wood. Probably no fuel is more widely distributed 
than w^ood. In localities where its cost is not great, it meets 
all the demands for a good fuel, except that its heat content 
is not very high. Even in localities where other fuels are 
used, wood is used for kindling and in fireplaces because an 
open wood fire in a room is an aid to cheerfulness. 

248. Peat, The first step in the evolution of coal is peat. 
It is formed from club mosses and other forms of vegetation 
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Courtesy V,S. Geologic Survey 

Map showing general distribution of coal fields in the 
United States. 


various lorms ot coal seem to depend upon the temperature 
and pressure to winch this vegetable matter was subjected 
after upheavals of the earth’s crust had buried it beneath the 
surface. An early stage seems to have produced lignite 
which IS common m our western states. It burns with a 
smoky flame, and it is inferior to soft coal in its heatina 

capMity. It disintegrates badly when it is stored. ^ 

-^OO. Soft, or Bituminous Coal. The sreot t 

the states In the Umte.d States contain beds of this fuel. (S^e 
iig. 159.) It contains a larger nercentatm 
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lignite does, and has higher heat content. While its origin 
from vegetable matter is not so clearly shown as in the case 
of lignite, yet many samples are found that prove that coal 
is really a fossil form of prehistoric plants. It is the most ex- 
tensively used fuel for heat and power purposes. 

251. Hard Coal, or Anthracite. The State of Pennsyl- 
vania has a near-monopoly on hard coal in the United States. 
Hard coal contains more carbon than soft coal, and less 
volatile matter. The percentage of ash is likely to be high. It 
has a high heat content, and it burns with a clean flame. For 
localities not too far distant from Pennsylvania, it makes a 
highly satisfactory fuel. In its process of formation, it was no 
doubt subjected to a high temperature and to great pressure. 
Practically all trace of its vegetable origin has been obscured. 

252. Coke, The residue left after the destructive distilla- 
tion of coal, or the fractional distillation of petroleum, is 
called coke. The petroleum coke is especially satisfactory as a 
fuel, but it is difficult to obtain, since the demand is greater 
than the supply. Coke burns with a clean flame, and makes a 
good fuel. 

C. LIQUID FUELS 

253. Source of Liquid Fuels. Most liquid fuels, too, are 
of plant origin. The petroleum deposits may have been 
formed from certain carbides, but it is also possible that the 
carbon for these carbides came originally from plants. The 
alcohols are also for the most part of plant or vegetable 
origin. 

254. The Alcohols. The compounds of this group re- 
semble the bases in some respecte. They all contain one or 
more hydroxyl, OH, groups, united with a radical. For ex- 
ample, wood alcohol, or methanol, has the formula CH3OH. 
Grain alcohol, or ethanol, has the formula C2H5OH. The 
alcohols all burn with a clean, hot flame. Their use for heat- 
ing purposes is limited. '^Canned heaP^ consists of a colloi- 
dal jelly of alcohol and stearic acid. 
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256. Gasoline. Millions of gallons of gasoline find use as a 
fuel in the so-called gas engines. The gasoline vapor explodes 
violently when m ixed with air, and the force of such explo- 
sion is used to drive automobiles. Benzol, a coal-tar product, 
is about the only other motor fuel that finds any use whatever. 

266. Kerosene. Another product obtained from crude oil 
is kerosene. It serves as a fuel, chiefly for cooking, in terri- 
tories that do not have the advantages of either natural or 


Courtesy of May Oil Burner Corp. 

Fig. 160. — The oil is atomized before ignition to insure more 
complete combustion. 

artificial gas. Its heat content is high, and in the right kind 
of a burner it bums with a clean flame. Its odor is unpleasant. 

257. Fuel Oils. After the gasoline, kerosene, lubricating 
oils, and some other valuable products have been removed 
from petroleum by fractional distillation, certain hydrocar- 
bons that are not particularly suited for other purposes are 
obtained as fuel oil. The improvement of burners and de- 
vices to atomize the oil has made it possible to burn such oil 
for heating houses or for factory use. (See Fig. 160.) The 
heat content is high, usually more than 10,000 calories per 
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are now in use. The powdered carbide is dropped into the 
water just fast enough to secure a steady' evolution of the , gas. 

In the making of acetylene, heat 
is absorbed. The reaction is endo- 
thermic, as represented by the thermal ^ 

equation; 

2C + H2 + 58,100 calories -->C2H2 t • 

When 2 moles of acetylene are j 

buined we get all the heat that would JLll 1 h ,,, 

be set free by burning an equal weight |l 

of free carbon (48 gm.) plus the heat Vjr 

that would be liberated by burning 
an equal weight of hydrogen (4 gm.) 

flm all the heat that was absorbed in making the acetylene. 

2C2H2 + 5O2 4CO2 + 2H2O + 641,000 calories. 

With the exception of the atomic hydrogen flame, no flame 
is so hot. The temperature is estimated at from 3000° G. to 
3700° C. Such a flame may be used for welding iron, as 
shown in Fig. 166. It is extensively used in the industries for 
such purposes. The tip of the flame is so hot that it may be 
passed over steel or iron plates many inches thick, and it will 
melt and burn the material in its path. Figure 167 shows a 
piece of steel over 10 in, tliick that was cut by means of such 
an oxy-acetylene flame. * 

★ 266. How Acetylene Is Stored. Since heat is absorbed 
during the making of acetylene, the gas may explode without 
air or oxygen. Many dangerous explosions occurred wdieii 
attempts were made to compress it in cylinders for shipment. 
The prest-o4ite container, in which acetylene may be safely 
stored, was developed about the time some were ready to dis- 
card the gas as a commercial product. (See Fig. 168.) This 
container is filled with asbestos soaked with acetone, 
(CH3)2C0, a liquid obtained from the destructive distillation 
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Fig. 167. — Crankshaft roughed out by 
the use of the oxy-acetylene flame. 



ACETYLENE BEACONS 


Dalen, a Swedish inventor, was awarded the Nobel prize 
in physics in 1912 for his work as inventor of the regulating 

devices which make the inter- 

mittent flashing of acetylene ^ 

beacons automatic. Lighthouses 

in the Arctic regions operate ft 

without attention for as long as w 

two years. A sun valve shuts ' ^ 

off the gas when the sun shines, 

but it comes on again auto- 


Fig. 168. — Cylinder for 
storing acetylene. 


Fig. 169. — The inside mech- 
anism of a “trafiSc beacon." 


matically when it grows dark. A Welsbach mantle, used 
with such lights, is automatically replaced if accidentally 
broken. At about the time that Dalen completed these 
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inventions, an explosion cost him his eyesight. It seems a 
pathetic case that one man should give his sight that others 
may see. 

In the traffic beacon, shown in Fig. 169, enough acetylene 
is stored in a strong, steel cylinder to last about six months. 
The gas flows out through a reducing valve that lowers its 
pressure to about f lb. per sq. in. The flow of the gas from, 
this valve to the burner is controlled by a permanent magnet 
which lifts under pressure to let the gas escape. A pilot light 
at the base of the burner ignites the escaping gas and pro- 
duces the intermittent flash. 

267. Explosion of Gases and Explosive Range. We know 
that a mixture of hydrogen and oxygen explodes violently 
when ignited. Water gas, coal gas, or any other flammable 
gas, when mixed with air or oxygen, explodes when heated 
to its kindling temperature. The combustion is practically 
instantaneous throughout the entire mass. Gasoline, ether, 
and alcohol, in the liquid state, do not explode. But if they 
are converted into vapor, and the vapor is mixed with air, 
and then kindled, they explode with great violence. One 
pound of gasoline vapor, if mixed with exactly the right 
amount of air, is many times as powerful when exploded as 
the same weight of dynamite. In any mixture of gas and 
air, the explosion is most powerful when the gases are mixed 
in the ratio of their combining volumes. From Section 264, 
we conclude that acetylene will explode most violently when 
2 volumes of acetylene are mixed with 5 volumes of oxygen, 
or about 25 volumes of air. 

Fortunately, not all proportions of gas and air form explo- 
sive mixtures. A small per cent of illuminating gas does not 
explode when mixed with a large volume of air. The car- 
buretor of a gas engine is designed to mix the gasoline vapor 
and air in just the right proportions to form the most power- 
ful explosion possible. When the engine is cold, the gasoline 
does not evaporate fast enough and the mixture is “too lean’^ 
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to explode readily. When one pulls out the ^^choke/^ he cuts 
off some of the air supply and makes a richer mixture.’’ 
If the “choke” is pulled out too far, the cylinders may be 
“flooded ” and then no explosion can take place. That means 
that the mixture of gasoline vapor is so rich that there is not 
enough air mixed with it to make it explode and start the 
engine. Any mixture of acetylene and air containing from 
3% to 30% acetylene will explode. That variation in percent- 
age is called the explosive range of acetylene. Any mixture 
of acetylene and air containing less than 3% of acetylene 
will not ignite; any mixture containing from 3% to 30% 
burns explosively; any mixture containing more than 30% 
burns quietly. Hydrogen has a wide explosive range, from 
10% to 66%. The explosion is most violent when the mix- 
ture contains 29% of hydrogen. The following table shows 
the composition of some of the fuel gases. 


Analysis of Gases (C. D. Jenkins, Mass. State .Eeports) 



Coal 

gas 

Water 

1 gas 
(enriched) 

Water 

gas 

Oil 

gm 

Candle-power 

17.5 

25 


65 

Illuminants 

5 

16.6 


45 

Marsh gas 

34.5 

19.8 1 

l.O 

38.8 

Hydrogen. 

49 

32.1 

52 

14.6 Ethane 

Carbon monoxide ..... 

7,2 

26.1 

38 1 


Nitrogen and carbon dioxide 

4.3 

5.4 

9.0 

1.1 


For determining candle-power 5 cu, ft. of gas are burned per hour. 


E, FLAMES AND ILLUMINANTS 

268;' W Is a' Flame?.: We- are- all familiar with the 
flame produced when a gas is ignited. A candle burns with 
a yellow flame; but before this flame can be produced, the 
wax of the candle must be melted and then changed into a 
vapor. Let us take an Argand burner and place it over a 
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burning candle, allowing a little air to get in at the bottom, 
as shown in Fig. 170; we find that it is possible to extinguish 
the candle and then relight it by bring- 
fr ^ lighted taper just inside the top of 

^ the burner. The burning taper does 
not touch the wick, but it ignites the 
/SI S that is still escaping from it. This 

shows that a flame is a burning gas. A 
I non-volatile substance does not burn 

(rQiji with a flame. The volatile matter has 

A Jj been driven off in the preparation of 

// ^ coke and charcoal: hence these sub- 

4 ' 

stances merely glow as they burn, but 

enters , i 

JL ^ they pro- 

«=- — ■ ^ duce little 

Fig. 170- -- a flame or no flame, 
is a burning gas. 

Jb or a Similar 
reason, hard coal produces little 
flame as it burns. 

269. The Bunsen Burner. BARR£L_J I 
When we depend entirely on the 
surrounding air to supply the oxy- 
gen needed to burn fuel gases, we . 

find that some of the carbon es- j / 

capes unburned. This wastes Tii 

fuel, and deposits carbon on the j| Jj 

utensils that are being heated. ^ 

To avoid this, it is necessary to <-— base 

mix some air with the gas before 
it is ignited. In the burner shown 

in Fig. 171, which is one of the Fig. 171. — Parts of a Bunsen 
inventions of the German chem- longitudinal section. 

ist, Robert Wilhelm Bunsen, the gas enters the tube or barrel 
through a small opening in the tip or spud. Air is drawn in 
through the holes at the lower end of the tube, and it mixes 


Fig. 171. — Parts of a Bunsen 
burner, longitudinal section. 
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with the gas in the tube before it reaches the top of the tube 
where it is ignited. (See Fig. 171.) 

The amount of gas that enters the tube is regulated by the 
gas stop-cock. The ring is used to regulate the amount of air. 
By turning the ring, the holes in the bottom of the tube may 
be opened more widely, or 
even closed entirely. As more 
gas is used, more air should 
enter at the lower end of the 
tube. If the gas is partly 
turned off, or if the pressure 
is low, the holes must be 
partly closed to avoid form- 
ing an explosive mixture. 

When such a mixture is pro- 
duced, the flame strikes 
back^^ and burns at the spud. 

Poisonous gases are formed 
under such conditions, and 
both the tube and the base 
become hot. The rubber 
tubing may get hot enough to 
melt and cause a fire when the 
escaping gas becomes kindled. 

The gas should be shut off, 
and the burner properly regu- 
lated before it is relighted. 

The flame of a Bunsen 
burner consists of two distinct cones. (See Fig. 173.) The 
outer cone is called the oxidizing flame. A metal held in 
this flame of the burner will soon become oxidized. If the 
oxide of a metal, such as copper oxide, is held in the inner 
cone of the flame, it will be reduced to the metallic state. 
The inner cone is called the reducing flame. The zone just 
above the tip of the inner cone is the hottest part of the flame. 


. — The burner of a gas range is 
y a modified Bimseii burner. 

•ars a great deal, and ''strikes 
e, the holes should be closed 
L 

heating, we know that gas 
te in price with coal. For 
nuch more convenient, and 
japer. It has the following 
1) It is turned on only when 
'2) It may be turned off im- 
er the cooking is finished; 
e thing is being cooked, only 
id be used; (4) The heat may 
ed just where it is needed; 
is easily regulated, 
andle Flame. The ordinary 
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; 270, : Ltimmous and Non-luminons Flames* Wiien the 
holes of the Bunsen burner are open the flame is nearly 
colorless and gives very little light. If we close the holes, a 
yellow luminous flame is produced. A beaker of cold water 
held in this flame is soon covered with soot, showing that the 



tensils^ that are being heatefpQy^ion in which there are hot 
particles'' of carfoir.''''(See*'tig. 174.) This statement may 
be further verified by opening the holes to produce the 
hot, nearly colorless flame and then sprinlding particles of 
iron rust into the flame. The flame becomes luminous as the 
particles are heated white hot, 

271. The Gas Stove. The ring burner, or the star-shaped 
burner used in gas stoves, does not differ in principle from the 
Bunsen burner. There are several small openings so the 
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flame will be distributed over a wider radius. In Fig. 175 
we see that there is a mbdng chamber and a ring of metal 
that can be used to regulate the amount of air that enters the 
mixing chamber. If the burner of your gas range gives a 
flame with yellow tips, it will waste fuel and also smoke up 
yourkitchenulensils. aag Mp, 

k 


With a screw driver, 
you should loosen 
the set screw, turn the 
ring to increase the 
size of the air open- 
ings, and then tighten 


£ffsa /t? 
re^u/B/e B/r- 



Aih enters 


Fig. 175. — The burner of a gas range is 
really a modified Bunsen burner. 


the screw again. If the flame roars a great deal, and strikes 
back” when it is lowered a little, the holes should be closed 
to some extent. 

For general heating, we know that gas 
cannot compete in price with coal. For 
cooking it is much more convenient, and 
it may be cheaper. It has the following 
advantages: (1) It is turned on only when 
it is needed; (2) It may be turned off im- 
mediately after the cooking is finished; 
(3) If only one thing is being cooked, only 
one burner need be used; (4) The heat may 
be concentrated Just where it is needed; 
(5) The heat is easily regulated. 

272. The Candle Flame. The ordinary 
Fig. 176. — Candle candle is made of paraffin, stearin, sper- 

flame, showing parts. , , « . rnr i 

maceti, or other wax or lat. Ihese sub- 
stances all contain carbon and hydrogen. When they are 
heated, they melt, and the melted wax rises by capillarity to 
the end of the wick where it vaporizes and burns. Figure 176 
shows that the flame has three distinct cones. Surrounding 
the wick is a cone of imburned gases. In the middle cone, 
the gases become hot enough to decompose some of the liy- 
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droearbons, and some carbon is set free. As this carbon is 
heated to incandescence, it forms the luminous cone and 
becomes the light-giving area. In the outer, almost invisike 
cone, the combustion is complete, and water and carbon 
dioxide are formed. In making the wicks of modern candles 
one thread is drawn more tightly than the others. As the 
candle burns, the end of the wick is pulled to one side and 
j| burns in the edge of the flame. In this 

manner, the candle automatically trims 

^ 273. Gas Mantles. Electricity has 
rapidly replaced gas for illuniinatina: 


Pig. 177. — Wolsbaoh gas mantles, erect and inverted types. 

purposes, in spite of the fact that the gas mantle, devised 
by Dr. Auer von Welsbach, made it possible to utilize the 
heating effects of the gas flame. These mantles are made 
from artificial silk, which is dipped into solutions of the 
nitrates of cerium and thorium. When these nitrates are 
heated, the oxides are formed. They are heated to in- 
candescence and thus increase the efficiency. (See Fig. 177.) 

F. SMOKE AND SMOKE PREVENTION 

274. Combustion in Furnaces. If we refer to Fig. 178, we 
may be better able to understand the chemistry of fuels ’and 
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combustion. In order to burn coal successfully, it must be 
placed on a grate so the air can be drawn in from under- 
neath. In starting a fire, the draft should be open and also 
the damper in the furnace-pipe that leads to the cliimney or 
flue. The coal is oxidized rapidly, and the waste products 
of combustion are swept up 
the chimney. But much of j 

the heat is also carried away. jsA|g 

To prevent such loss of heat 1 1 

energy, the draft should be P 

closed after the fire gets a tzrzzzx 

start, and the damper in the steam 

pipe should be nearly closed. 

Then j ust enough air will leak h 

in around the draft to keep — u 

the fire burning. The check U 

draft may be used to make 

the fire burn still more slowly ; 

the cool air coming into the 

furnace at the top surface of 1 V V Ad 

the fuel cools the fuel until it i \ ^ 

may be only slightly above 

the kindling temperature. 178. —- steam heating 

^ ,1 1 i furnace. 

But it sweeps the hot gases 

up the chimney and wastes fuel. Throwing fresh coal on a 
fire cools it and slows down combustion for a time. 

In a steam heater part of the water is vaporized, and the 
steam expands to fiU the pipes and the radiators, where it 
loses heat to the rooms as it condenses. 

Since coal is largely carbon, its combustion seems simple. 
If enough air is used, all the carbon will burn to form carbon 
dioxide. But when fresh fuel is added, the carbon of such 
fuel unites with the carbon dioxide coming from the live 
coals underneath, and carbon monoxide is formed : 

C + C02^2C0 t. 


Fig. 178. — - Steam heating 
furnace. 
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The carbon is a reducing agent. This gas may bum if there is 
enough oxygen; it may go up the chimney if the damper is 
open; it will go out and find its way to other parts of the 
house, if the furnace door is left open. In banking fires at 
night, the furnace door should never be left open when the damper 
in the pipe is tightly closed. 

276. Of What Does Smoke Consist? Blue smoke from 
wood contains small drops of liquid hydrocarbons. Smoke 
from coal contains some finely divided ash, various gases, 
and some unburned carbon in the form of soot or cinders. 
In burning soft coal, it is difficult to supply enough oxygen 
to burn all the carbon. Hence in cities where large quantities 
of soft coal are used as a fuel or for power purposes, the smoke 
nuisance may become almost intolerable. It is estimated 
that the cost in the United States annually in wasted fuel, 
extra laundry work, and other expenses due to the smoke 
nuisance amounts to $500,000,000. This cost does not in- 
clude discomfort, or injury to health. 

276. Smoke Consumers. We have learned that particles 
of unburned carbon in smoke are a menace to health, an ex- 
pensive nuisance in many industries, and a decided waste in 
fuel energy. Every pound of carbon that escapes into the air 
in such manner represents a loss of from 10,000 to 15,000 
Btu^s. To eliminate the smoke nuisance, and to conserve 
this energy, many factories and power plants have installed 
smoke consumers. There are two things essential to smoke 
prevention: (1) The fuel must be supplied at a constant rate; 
(2) The supply of oxygen must be increased to secure com- 
plete combustion. Several types of automatic stoking devices 
are in use. 

Figure 179 shows the plan of one type of stoker. From the 
hopper the coal is fed evenly to the moving chain grate just 
fast enough so the combustion will be complete by the time 
it reaches the far end of the grate. Supplementary air that 
has been preheated so it will not cool the flame is admitted 
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in order to oxidize the hydrocarbons completely before they 
reach the stack. Baffle walls are so built that the hot gases 
must take a circuitous path before they reach the chimney. 
This permits a more complete absorption of their heat energy , 
and allows more time for thorough combustion. 

A rotating screw type of stoker is used on many locomo- 
tives. Mechanical stoking is necessary, when a large loco- 


[erfeed type of automatic stoker, 
per to a feed trough that runs u 
^th of the stoker. This trougt 
[low, and the coal which is pushed 
grates, to which air is supplied b; 
ares 180 and 181 show the effects 
it of a factory with automatic stc 
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Fig. ISO. — A factory that shows a dirty stack, illustrating the smoke 
nuisance. 


Fig. 181. — The factory shown in Fig. 180 after being equipped 
with an automatic stoker. 

277. Forced Draft. Nearly every one has seen a black- 
smith use a bellows to produce a forced draft As he blows 
air through the glowing coals, he secures more rapid com- 
bustion for two reasons: (1) He is supplying a larger amount 


lii 

ii 
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Fig. 182. — • This stack built for smelting copper ores in Montana is 
so large that the Washington Monument would disappear from view if 
it were placed inside. Its height is 583 feet. Such stacks are usually 
equipped with electrical apparatus to precipitate the smelter dust and 
prevent it from escaping into the surrounding air. 
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of oxygen; (2) He is sweeping away the waste products of 
combustion. The more rapid burning increases the tempera- 
ture. It is interesting to note that fuels burn faster and yield 
higher temperatures when both the fuel and the air with 
which it combines are preheated. 

On ships, forced draft is used when a high speed is desired. 
More air is forced through the fuel, causing more rapid 
combustion. The exhaust steam from a locomotive is forced 
through the smokestack to produce a better draft. A similar 
effect is produced in power plants by using very tall chim- 
neys. Since the draft of a chimney is caused by the difference 
in weight between the column of gas inside the chimney and 
the air-column outside, it is easy to see that this difference 
becomes greater as the height of the chimney is increased. 
(See Fig. 182.) 

SUMMARY 

A substance that combines with oxygen to furnish heat energy 
is a fuel. A good fuel should yield little ash; it should be inex- 
pensive; it should not produce undesirable waste products as it 
burns; and it should have a high heat content. Its heat content 
is determined by the use of a boinb calorimeter. 

All fuels contain carbon and hydrogen, and many of them 
contain oxygen. Hence the products of combustion are water 
and carbon dioxide. Incomplete combustion produces carbon 
monoxide. 

The solid fuels include: wood; peat; lignite; soft coal; hard 
coal; and coke. They are all obtained from plants, either those 
of the present time, or the fossil remains of plants that lived in 
past geologic ages. 

The liquid fuels are also of plant origin. They include: the 
alcohols; gasoline; benzol; kerosene; and fuel oils. 

Our most convenient fuels are the gases. Natural gas is found in 
many states. Coal gas is made by the destructive distillation of 
soft coal ; ammonia, coal tar, and coke are valuable by-products. 
Producer gas is made by forcing a blast of hot air through a bed* 
of coke. Water gas is made by forcing first a blast of hot air 
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through coke, and then a blast of steam. It is composed almost 
entirely of hydrogen and carbon monoxide. It may be eiiriched 
by the addition of oils. It is an important source of hydrogen, 
and it also finds use in making methanol. Acetylene is made by 
adding water to calcium carbide. It is used for illuminating pur- 
poses, and for the welding and cutting of metals. 

.4 flame is a burning gas. A luminous flame gives light because 
there are present in it particles of carbon that are heated to in- 
candescence. The Bunsen burner has two cones: the outer cone 
is the oxidizing flame; the inner cone is the reducing flame. The 
burner of a gas range is merely a modified Bunsen burner. 

A gas mantle may be used to utilize the heat of the burning 
gas, and increase the efficiency of the flame for purposes of il- 
lumination. 

To prevent a smoke nuisance, two things are needed: (1) To 
supply the fuel to the grate at a constant rate; (2) to supply 
enough additional air to insure complete combustion. A forced 
draft is used to make a hotter flame. 

QUESTIONS 
Group A 

1. Discuss the value of wood as a fuel. 

2. What advantages has hard coal over soft coal as a fuel? 
Has it any disadvantages? , 

3. From the table showing the composition of fuels, explain 
why wood has a lower heat content than soft coal. 

4. Under what conditions does gasoline vapor explode? 

5. What is meant by the explosive range of a gas? 

6. What does a motorist mean by *‘'riclr’'^ and “lean mixtures? 

7. What is meant by “flooding the carburetor and cylinders 
of an automobile?. , 

8. Why is it dangerous to work in. a closed garage with the 
engine of the. car running? ■ , 

9. Suppose the burner of a gas stove “strikes back.” How 
would you adjust the burner? How^ would you fix the burner of 
your gas stove if the flames, have,; yelloW' tips? : , 
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10. Is bread a fuel? What is the meaning of the expression^ 
‘‘A thick slice of bread furnishes 100 Calories’^? 

11. Is it necessary to enrich water gas if it is to be used for 
fuel only? 

12. Why is water gas somewhat more dangerous to inhale than 
coal gas? 

13. Why does acetylene burn with such an extremely hot flame? 

14. Explain how you would bank a fire for the night. 

15. When hard coal is added to a coal fire, a blue flame is pro- 
duced. Explain. 

Group B 

16. Suppose you are a salesman for some type of burner for 
fuel oils. What arguments would you use in favor of its installa- 
tion to replace hard coal? 

17. How would you proceed to determine the number of calories 
that a teaspoonful of sugar will furnish? 

18. Powdered coal is sometimes made into briquettes by mix- 
ing it with some tarry binder, and pressing it into lumps. What 
advantages has such a fuel? 

19. How would you proceed to determine the per cent of ash 
in a fuel? 

20. If a kerosene lamp or a kerosene heater smokes, what is 
the probable cause? 

21. In what ways is the human body like a furnace? 

22. Vessels at sea have used smoke screens to escape from 
hostile craft. How can such a smoke screen be produced? 

23. Can kerosene be substituted for gasoline for use in gas 
engines? Give a reason for your answer. 

24. From the formula and percentage composition of acetylene, 
explain why you would expect it to burn with a smoky flame, 

25. What conditions are necessary to eliminate smoke in an 
industrial city? 

26. What is pyrofax gas? For what purposes is it used? 

27. Give a good reason why the gas mantle is less used than 
formerly. 

28. Can you tell why oxygen in a fuel is both an advantage 
and a disadvantage? 
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SUPPLEMENTARY PROJECTS 

Prepare a report on one of the following topics: 

1. Coal in Industry. 

Reference: Howe, H. E., Chemistry in Industry, Chemical 
Foundation, Inc. Vol. I, Chap. 4. 

2* Coal tar products. 

References: Caldwell, O. W., and Slosson, E. E., Science 
Remaking the World. Doubleday, Page and Co. Page 48. 

Howe, H. E., Chemistry in Industry, Chemical Foundation, 
Inc. Vol. II, Chap. 4. 

3. Gasoline as a World Power. 

Reference: Caldwell, 0. W., and Slosson, E. E., Science 
Remaking the World. Doubleday, Page and Co. Page 12. 


CHAPTER 21 


THEORY OF SOLUTION — IONIZATION 

Vocabulary 

Electrolyte, A compound which in water solution conducts the 
electric current. 

Ionization. The dissociation of a compound into ions. 

Ion, An atom or a group of atoms that carries a charge of electricity. 

Dissociate. To break up into ions. 

278. Some Facts That Need Explanation, In geometry 
there are many theorems to be proved. In chemistry, cer- 
tain facts are explained by theories. In many of the experi- 
ments that we have performed, the chemicals have been used 
in water solution. In fact, water seems to act like a general 
catalyst. Baking powder is a mixture of a carbonate, and an 
acid or acid salt. When water is added, chemical action be- 
gins. In our study of acids, we learned that the general 
characteristics of an acid refer to a water solution of the acid. 
In the General Electric Laboratories, an experiment was per- 
formed that seemed to indicate that a mixture of hydrogen 
and oxygen will not explode unless a trace of water is present. 
For decades chemists were puzzled to account for the be- 
havior of substances in water solution. Let us mention other 
facts that need to be explained, too. 

1. We know that electricity passes through a copper wire 
readily. We say the wire is a conductor. Pure water does 
not conduct the current. It was necessary to add a little acid 
or base when we decomposed water by electricity. Let us set 
up an apparatus like that shown in Fig, 183. An electric 
bulb is connected in series with a bottle into which two carbon 
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1. That electrolytes in solution are dissociated into ions, 

2. An ion is an atom or a group of atoms that carries an 
electric charge. 

3. The water solution contains an equal number of positive 
and negative charges. 

To illustrate, let us try to picture a water solution of so- 
dium chloride. (See Fig. 185.) Part of the sodium chloride 
molecules dissociate into ions. The following ionic equation 
shows the manner of such dissociation: 

NaCl + HOH Na+ + Cl" + HOH. 

The sodium atom loses an electron, (Na — e = ]Sra+), and 
becomes positively charged. The chlorine atom gains an 
electron, (Cl + e = Cl"), and 
thus acquires a negative charge. 

Some of the sodium chloride 
molecules are not dissociated; 
the per cent that dissociates in- 
creases as the solution is made 
more dilute. If we concentrate 
the solution by evaporating the 
water, we decrease the number 
of ions present. The ionic equa- 
tion shown above is reversible. 

As the water, which serves as 
the ionizing agent, is removed, 
the ions associate to form mole- 
cules of sodium chloride. We write the formula for water 
here as HOH; water itself is slightly ionized to form 
positive hydrogen ions and negative hydroxyl ions. Such 
slight ionization may be neglected when we deal with sub- 
stances like sodium chloride that ionize so readily. The 
slight ionization of water must be considered, however, when 
we are dealing with solutions of electrolytes that dissociate 
to only a slight degree. 


:r_- ^ 


Fig. 185. — Part of the 
molecules of sodium chloride 
dissociate into ions. 
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In the electron theory of valence, it was assumed that one 
hydrogen atom can lose an electron and thus acquire a posi- 
tive valence of one. And that a chlorine atom can gain an 
electron and acquire a negative valence of one. Electrical 
attraction is believed to be the cause of chemical affinity; 
in the union of H+ and Cl“ to form a molecule of HCl, the 
bond seems to be the attraction between unlike charges. 
When HCl is dissolved, the water in some unknown way 
seems to loosen (dissociate) the attractive force between the 
atoms. We may picture the water as an ionizing agent bring- 
ing about such an estrangement in some such manner as the 
following: 

HCl + H 2 O H+(H20)C1-. 

280. Ions and Atoms Have Different Properties. When 
Arrhenius proposed his theory, Dr. Cleave, the man under 
whom he was working, said: Your theory is absurd. Any 
beginner in chemistry knows that free sodium attacks water, 
and that free chlorine coloi's a water solution yellow.” But 
Arrhenius answered his objection by asking: ^Hs it not pos- 
sible that an atom which carries a charge of electricity will 
have different properties from an uncharged atom?” Let 
us consider the fact that oxygen which absorbs energy and 
forms ozone has a new set of properties. We know, too, from 
our study of valence that the gain or loss of one or more elec- 
trons makes a tremendous difference in the properties of an 
atom. Hence it is to be expected that a sodium atom which 
has lost an electron will have a new set of properties. If we 
add an electron to a sodium ion (Na"^ -f e Na), then the 
atom of sodium that is formed will have all the properties of 
the sodium atom; it will attack water and form sodium hy- 
droxide. In like manner, we would expect that a chlorine 
atom which carries a negative charge will exhibit different 
properties from one that has no charge. Chlorine is poison- 
ous and turns a water solution yellow. But if we add an elec- 
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tron to an atom of chlorinej the ion (Cl-*) that is formed will 
not have such properties. 

Dr. Cleave also offered the following absurd objection: “If 
a water solution contains electrically charged particles, one 
will get a shock when he puts his hand into a salt water solu- 
tion. But Arrhenius answered this objection by an explana- 
tion that should be familiar to every high-school pupil of 
physics. “There are the same number of positively charged 
particles as negatively charged particles. Electricity mani- 
fests itself only when there is an excess of one kind of electrical 
charge.” 

281. How the Ionization Theory Explains Electrolysis. 
Let us dissolve some copper sulfate, CUSO 4 , in water. We 
may represent such a solution 
by a diagram like that shown 
in Fig. 186, if we accept the 
theory of ionization. Since 
the copper atom is bivalent, 
it can lose two electrons; 
therefore each copper ion, 

Cu"^'^, carries two plus charges; each sulfate radical ( 804 "") 
carries two minus charges. 

Next let us suspend in the solution two platinum strips, or 

carbon rods, and connect 
them to a battery as shown 
in Fig. 187. The rod which 
is connected to the positive 
terminal of the battery is 
called the positive electrode^ 
or the anode. It has a de- 
ficiency of electrons, or a 
positive charge. The rod 
connected to the negative 
terminal of the battery is called the negative electrode, or the 
cathode. Since like charges repel, and unlike charges attract, 


Fig. 186. — Dissociation of copper 
sulfate into its ions. 



Fig. 187. — Electrolysis of 
copper sulfate. 
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the copper ions will go to the cathode. There they receive 
enough electrons to neutralize their charge, and metallic 
copper is formed and deposited on the cathode rod. 
(Cu++ + 2€ — > Cu.) The other ion, which is called sulfion 
(S 04 =) is attracted to the anode, where it loses its extra 
electrons to the anode. (SO4"" — 2 € — » SO4.) But the (SO4) 
radical cannot exist alone, and it probably attacks the water 
and forms sulfuric acid. 

H20 + S04-^H2S04+(0). 

Two oxygen atoms unite to form a molecule of oxygen gas, 
which bubbles off at the anode. 

The student should remember that, during electrolysis, the 
dissociation of the electrolyte occurs before the electrodes are 
introduced. The charged electrodes separate the ions, the posi- 
tive ion going to the cathode, and the negative ion to the 
anode. This explains why the hydrogen and the metal ions go 
to thf cathode^ while the oxygen and other non-metal ions go to 
the anode. The name ^4on’’ means wanderer; the ions really 
migrate through the solution and thus make it a conductor 
of electricity. Hence electrolytes are conductors because they 
dissociate into ions which migrate through the solution by at- 
traction or repulsion. Non-electrolytes do not ionize; there- 
fore their solutions are non-conductors. Electrolysis, then, is 
the separation of a dissociated cojnpound into its constituents 
by means of the electric current. 

Electrolysis plays an important part in chemistry. By 
this process, storage batteries are charged, certain elements 
are isolated, other elements are purified, and metals are plated 
with less active or more beautiful metals. Sometimes when 
a compound is decomposed by the aid of the electric current, 
several secondary chemical reactions may take place. 

282. Why Electrolytes Have an Abnormal Effect on 
Freezing Points and Boiling Points. Julius vanT Hoff ap- 
plied Avogadro^s Law to dilute solutions. This means that 
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a molar solution ' of alcohol will have the same number of 
molecules of solute that an equal volume of a molar solution 
of sugar has. In fact egtial volumes of all molar solutions ham 
the same number of molecules of solute. It seems reasonable, 
then, to expect that the lowering of the freezing point, or the 
elevation of the boiling point, by a solute is proportional to 
the number of particles in a given volume; of solvent. But 
a molar solution of sodium chloride, for example, lowers the 
freeing point nearly twice as much as a molar solution of 
.sugar. Is that not what we would expect? The sodium 
chloride molecules ionize; but the sugar molecules do not. 
If all the molecules present in a molar solution of sodium 
chloride were dissociated^ or ionized, then there would be just 
twice as many particles present as in a non-ionized solution of 
the same molar concentration. Then the abnormal lowering 
of the freezing point that is caused by an electrolyte must be 
due to the fact that by dissociation the number of particles 
present in the solution is increased. A solution of sodium, 
chloride does not lower the freezing point quite twice as 
much as a similar solution of sugar does, because fewer than 
100% of the molecules are ionized. 

When a molecule of calcium chloride, CaCh, ionizes it 
forms three ions, (CaCl 2 + 2G1~.) There is one 
calcium ion that carries two plus charges;:: two 

negative ions, each with a 'Single electron. It seems reason- 
able to expect, from the ionization theory, that a molar solu- 
tion of calcium chloride will lower the freezing point almost 
three times as much as the molar solution of a non-electrolyte. 
Careful experiments show that very dilute solutions of cal- 
cium chloride, in which the ionization approaches 100%, do 
lower the freezing point nearly three times as much as do 
non-electrolytes. Hence the theory accords with the facts, 
and it explains why acids, bases, and salts (all of them are 
electrol 3 rtes) lower the freezing point abnormally, and why 
Raoult's laws cannot be used to determine their molecular 
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weights. For the same reason they raise the boiling point 
abnormally. 

283.. Why Electrolytes Are Active Chemically. It seems 
natural to expect that ions would be more active than mole- 
cules. If the molecules are dissociated hj the solvent, the 
ions are more or less free to unite with other ions, or to re- 
arrange themselves to form other molecules. The undisso- 
ciated molecules do not take part in chemical reactions. 

When we make tests in the laboratory, we test for ions and 
not for atoms or molecules. To test for chloride ions in a 
solution, we add silver nitrate solution. Let us write the 
ionic equation. 

Na"^* 01“ “f* Ag"^ -}“ NOs” — ^ AgCl | Na~*~ Hr NOs~. 

The positive silver ion unites with the chloride ion to form a 
molecule of undissociated silver chloride. This salt does not 
dissociate in water, because it is insoluble. Any chloride 
ion will unite with a silver ion to form a white precipitate 
of insoluble silver chloride. Hence a solution of silver nitrate, 
or of any soluble silver salt, may be used in this manner to 
test for chloride ions. Chlorine molecules dissolved in water 
do not have the same effect upon a solution of silver nitrate. 
That this solution is not a test for chlorine may be shown by 
adding some silver nitrate to a solution of sodium chlorate, 
NaClOa. ionic equation 

Na"^ + CIOs'" + Ag*^ + NOa^ — H- CIO3” + Na"^ H-NOs”. 

There is no doubt from the formula for sodium chlorate 
that chlorine is present in its molecule, but no white pre- 
cipitate is formed when silver nitrate solution is added. If 
any reaction occurs at all, the substances all ionize and re- 
main in solution. A solution of silver nitrate forms a precipi- 
tate with any (Monde ion, but it does not form a precipitate 
with a chlorate ion. Silver nitrate is a test for Cl“"; it is not 
a test for Cl, CI 2 , or CIOs'". 
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Anhydrous copper sulfate is white; the hydrated salt or a 
solution of the salt is blue in color. Since soluble copper 
salts give a blue solution we may infer that the blue color 
is due to the copper ion. In a similar way it may be shown 
that the ferrous ion is green, while the ferric ion is reddish- 
brown. Cobalt salts are pink in water solution when ionized, 
but a large number of them become blue when they are 
dehydrated. 

The theory of ionization explains the fact that such mix- 
tures as baking powder, effervescing powders, etc., do not 
act in the dry state, but that a chemical change begins 
as soon as water is introduced, thereby causing dissocia- 
tion. 

284. How Acids Ionize. In our study of acids, we learned 
that all acids contain hydrogen. We also learned that the 
acid properties are characteristic of water solutions of the 
acids. If we dissolve hydrogen chloride in water, we have 
an acid solution called hydrochloric acid. The compound 
ionizes as follows: HCl — ^ H+ + Cl~. Nitric acid in water 
solution yields the following ions: HNO 3 + NOa"". 
All acids give 'positive hydrogen ions in water solution. In 
fact, we may define an acid as a compound that forms positive 
hydrogen io72,s in water solution. 

Sulfuric acid ionizes in two stages or steps, depending 
upon the amount of dilution. The equations follow: 

1 . H2SO4 + HSOr. 2 . HS 04 “ H+ + 804==. 

The first step represents the ionization in a rather concen- 
trated solution; the second step shows how sulfuric acid 
ionizes in a more dilute solution. These steps show that it is 
possible for an acid like sulfuric acid to form two classes of 
salts: (1) The acid saliSj in which the HSO4” radical is pres- 
ent; sodium acid sulfate, NaHS04j is an example. (2) Nor- 
mal salts j in which the S 04 == radical is present; sodium sulfate, 
Na 2 S 04 , is an example. 
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285. Wiiat Is Meant by a Strong Acid? The student 
should have a concept of the terms dilute and concentrated 
acids. But the terms strong and weak acids have a different 
significance. From the definition of an acid as given in the 
preceding section, it would appear that the strength of an 
acid depends upon the number of hydrogen ions present in a 
given volume of solution. An^_^acid that furnishes a large 
concentration of hydrogen ion is called a strong acid. Hydro- 
chloric acid and nitric acid ionize so easily that they furnish 
a large hydrogen ion concentration. They are among the 
strongest acids known. Such acids as acetic and carbonic 
do not ionize readily. They are weak acids. A concentrated 
solution of acetic acid may have fewer hydrogen ions per c.c. 
than a dilute solution of hydrochloric acid or nitric acid. 
To illustrate, concentrated nitric acid (68%) has fewer than 
10% of its molecules ionized. In a 6% solution of the same 
acid more than 80% of its molecules are ionized. Less than 
' half of 1% of the molecules are ionized in a 6% solution of 
acetic acid. 

Quite often students get the erroneous idea that the more 
we dilute an acid, the stronger it becomes. Such is not the 
case, for 100 c.c. of a 50% acid in which 10% of the mole- 
cules are ionized will have more hydrogen ions than the same 
volume of 2% acid in which 95% of the molecules are ionized. 
Making a solution more dilute increases the degree of ioniza- 
tion, but it does not necessarily increase the number of 
hydrogen ions per cubic centimeter. 1% of $1,000,000 is a 
more valuable legacy than 50% of $100. Increasing the 
temperature of a solution also increases the degree of 
ionization. 

j Because sulfuric acid will decompose the salts of other 
I acids, beginners sometimes get the idea that sulfuric acid is 
stronger than those acids. Such decomposition is due to 
the fact that sulfuric acid has a high boiling point, and not 
to the fact that it is a stronger acid. In reality, sulfuric 
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acid is only about half as strong as either nitric acid or 
hydrochloric acid. , ■ ' 

286. How Bases Ionize. We know that all bases have 
one or more hydroxyl (OH) radicals in each molecule. When 
bases ionizej the metal becomes positively charged, and the 
hydroxyl radical forms the negative ion. For example : 

1. NaOH Na+ + OH^. 2, KOH K+ + OH-. 

3. Ca(OH) 2 Ca++ + 20H- 

Since calcium hydroxide furnishes two hydroxyl radicals 
per molecule, we write 20H-, instead of (0H)2~. A base 
is a compound that forms negative hydroxyl ions in water 
solution* 

287. What Is Meant by a Strong Base? Sodium hy- 
droxide and potassium hydroxide are the strongest bases 
known. They ionize readily, and give a large concentration 
of hydroxyl ions. The strength of a base depends upon the 
concentration of the hydroxyl ion* Ammonium hydroxide 
yields only about 4% as many hydroxyl ions as sodium 
hydroxide of the same concentration. It is a moderately 
weak base. 

288. What Is Neutralization? Let us mix equal volumes 
of normal solutions of sodium hydroxide and hydrochloric 
acid. The ionic equation, 

Na+ + OH- + H+ + Cl->^Na+ + Q- + HOH, 

shows that the hydrogen ion of the acid unites with the 
hydroxyl ion of the base to form non^ionized, or little ionized, 
water. Briefly, we may define neutralization as the union of 
the positive ion of an acid with the negative ion of a base to 
form water. The salt that is formed at the same time ionizes 
in the water, since salts usually ionize to a high degree. A 
salt may be defined as a compound fornned by the union of the 
positive ion of a base with the negative ion of an acid. 
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It is interesting to note that the amount of heat liberated 
by neutralizing one mole of hydrochloric acid is the same as 
that set free when one mole of nitric acid or one mole of 
hydrobromic acid is neutralized. 

Na+, OH- 4- H+, Cl-.-> Na+, Cl" + HOH + 13,700 cal 
Na+ OH- + H+, NOs" Na+, NO3” + HOH + 13,700 cal • 

This is also the heat of formation of one mole, 18 gm., of 
water by neutralization. The neutralization of sulfuric acid, 

2Na+, 20H- + 2H+ SO; 2Na+, SO7 + 2HOH 

+ 27,400 calories, 

forms two moles of water and twice as much heat is liberated. 

289. The Degree of Ionization. Since the ions carry the 
electric current and make the eIectrol3de a conductor, it 
follows that a careful measurement of the conductivity of a 
solution furnishes us with a method of determining to what 
degree a substance is ionized. In comparing the conduc- 
tivity of two solutions, we must be sure that the solutions 
have the same molar concentration. By such methods, it 
has been determined that hydrochloric acid is a strong acid, 
and acetic acid a weak acid. It is also possible to determine 
the degree of ionization by measuring the amount of lowering 
of the freezing point. 

290. What Factors Affect the Degree of Ionization? If 
we determine the degree of ionization of a concentrated 
solution, and then determine the degree of ionization of a 
dilute solution of the same solute, we learn that increasing 
the volume of the solvent increases the degree of ionization. 
Theoretically the ionization reaches 100% when the solution 
becomes infinitely dilute. As we concentrate a solution, 
more of its ions reunite to form undissociated molecules. 

An increase in temperature also increases the degree of 
ionization. This fact is also determined by actual experiment. 
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291. Ionizing Agents. In our discussion of ionization, we 
have referred in all cases to water as the ionizing agent. It 
IS by far the best ionizing agent known. Ionization does not 
occur readily in most other solvents. For example, hydrogen 
chloride dissolved in water forms a strong acid. The gas 
does not have acid properties, nor does liquid hydrogen 
chloride (100%). It does not have acid properties if it is 
dissolved in toluol, since toluol is not an ionizing agent. 
Such solvents as benzol, toluol, ether, and alcohol are ex- 
tremely poor ionizing agents. 

Heat produces ionization. Gases that are heated to a 
high temperature become fair conductors of electricity, 
because they are ionized to some extent during the heating. 
Heating a solution increases the degree of ionization of the 
solute. 

Fused or melted salts are ionized. Dry solid sodium 
chloride is a non-conductor, but the melted salt is a good 
conductor. Considerable use is made of the fact that fused 
salts ionize, especially in the electrolysis of compounds whose 
elements unite readily with water. Compounds that are 
insoluble in water may be melted and then decomposed by 
electrolysis. 

Molecules are also ionized by being bombarded by the 
particles projected from radio-active substances as they 
disintegrate. See Chapter 40. 

292. Ions Have Valence. When hydrogen and the metal- 
lic elements ionize, they lose electrons. The number of 
electrons a metal can lose depends upon its valence. For 
example, a sodium atom loses one electron as it ionizes, and 
acquires a positive valence of 1. A chlorine atom gains one 
electron; then the chloride ion has a negative valence of 1. 
The number of electrons, a negative ion has acquired de- 
termines its valence; the number of electrons a positive ion 
has lost determines its valence. 

★ 293. Polar and Non-polar Compounds. Such a com- 
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pound as sodium chloride is called a polar compound. During 
the formation of such a compound, it is believed that the 
chlorine atoms really take possession of the electrons lost by 
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Fig. 188. — Hydrogen 
ioses an electron and 
fluorine gains one. 


the sodium atoms. Water as an 
ionizing agent loosens the bond be- 
tween such atoms, so they ionize 
and become conductors in solution. 
The chloride ion migrates to the pos- 
itive pole or electrode, and the 
sodium ion to the negative pole, 
The polar compounds ionize in solution or 
Figure 188 shows a possible configuration of 


or electrode. 
when heated, 

hydrogen fluoride, HF, a polar compound. 

Then there are some compounds that do not ionize. Dr. 
G. N. Lewis, of the University of California, has explained 
this fact by assuming that the atoms in such a molecule 
share electrons. The hydrogen molecule is H 2 ; it seems 
probable that the two atoms share the electrons in a kind of 
partnership. In such a compound as carbon dioxide, it is 
probable that the carbon atom shares two electrons with 
each of two oxygen atoms. (See oxy^en 
Fig. 189.) The sharing of electrons 
in a partnership of this kind is 
called co-valence. When atoms 
share electrons, they do not ionize. 

Just as it is possible for two 
persons in a partnership to have 
unequal shares, so it seems possible 
for one element in a non-polar 
compound to be slightly more partial for electrons than the 
other. The carbon atom in carbon dioxide may not have 
quite so large a share in the electrons as the more grasping 
atoms of oxygen. Even in polar compounds, the negative 
element may not have an uncontested deed for the electrons 
in its possession. For. these reasons, the tendency of com- 
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Fig. 189. — The electrons 
are believed to be shared by 
the atoms. 
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pounds to ionize is relative, dependent upon how completely 
one element robs another of its electrons. Equal partnership 
nieaiis no ionization; the more unequal the sharing, the 
easier the ionization. 

' ★ 294. Displacement of One Element by Another. Let us 
turn back to the displacement table, as given on page 76. 
The elements increase in activity as we go toward the top 
of the list. The elements at the top of the list tend to 
ionize easily; those at the bottom have a smaller tendency to 
ionize. When zinc and sulfuric acid interact, for example, 
the zinc goes into solution and displaces the hydrogen, be- 
cause zinc ionizes more readily than hydrogen does. Let us 
write the ionic equation. 

Zno + 2H+, SOr Zn++ SOr + 2H^ 

In the beginning the zinc, Zn, had zero valence, and each 
hydrogen atom had lost an electron to the sulfion SO4. At 
the end of the reaction, the zinc has ionized by losing two 
electrons, and hydrogen atoms of zero valence have been 
liberated (non-ionized). It is the same as if we had written 
the equation as follows: 

+ 2H+ Zn++ + 2W. 

In exactly the same manner, metallic zinc will displace copper 
from a solution of copper sulfate. See equation: 

ZxY + Cu++ SOr Zn++, SOr + Cu^. 

To liberate an element near the top of the table by elec- 
trolysis requires a higher voltage than it does to liberate an 
element near the bottom, silver for example. The back 
pressure, or the tendency to ionize, is greater in the case of 
potassium or sodium than it is in the case of silver or gold. 

★ 295. The Structure of Crystals. By the use of X-rays, 
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it has been possible to show that the crystals of salts are 
really made up of a kind of lattice-like structure^ built up of 

ions held .together hj electri- 
cal attraction. Figure 190 
shows the arrangement in a 
crystal of sodium chloride. 
From this fact, it appears 
that crystals are not made up 
of molecules, but that a crys- 
tal is really a large molecule 
made up of ions. When such 
a crystal is melted, it loses 

Fig. 190. — Structure of the mole- Crystalline structure and 

cule of common table salt. , i i . i , 

the ions which are loosened 
from their electrical attraction become free to migrate. 
Thus the fused salt ionizes and becomes a conductor. 

SUMMARY 

An electrolyte is a compound whose water solution is a good 
conductor of electricity. Such substances as alcohol, ether, sugar, 
and glycerine are non-electrolytes. Their solutions are non- 
conductors. The solutions of acids, bases, and salts are conductors. 
These substances are electrolytes. 

The ionization theory attempts to explain: (1) How electrolytes 
conduct the electric current; (2) Why electrolytes lower the 
freezing point of a solvent to an unusual degree; (3) Why elec- 
trolytes are active chemically. 

The ionization theory assumes: (1) That electrolytes in solu- 
tion are dissociated into ions; (2) That an ion is an atom or a 
group of atoms that carries an electrical charge; (3) That the number 
of positive ions equals the number of negative ions. 

The properties of an ion are different than the properties of an 
atom. Chemical tests are tests for ions. Electrolysis is the separa- 
tion of the constituents of a compound by means of the electric 
current. 

An acid is a compound whose water solution contains hydrogen 
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ions. The strength of an acid depends upon the concentration of 
the hydrogen ion. 

A base is a compound whose loater solution contains hydroxyl ions » 
The strength of a base depends upon the concentration of the 
hydroxyl ion. 

Neutralization is the union of the hydrogen ion of an acid with 
the hydroxyl ion of a base to form water. A salt is formed by the 
union of the positive ion of a base with the negative ion of an acid. 

The degree of ionization is determined by measuring the con- 
ductivity. Increasing the volume of the solvent , or heating the 
solution, increases the degree of ionization. 

Water is the best ionizing agent. An electrolyte can be ionized 
by melting it, or by bombarding it with particles from cathode 
rays, or from atomic disintegration. 

Compounds that ionize are known as polar compounds. Non-- 
polar compounds do not ionize. The valence of an ion depends 
upon the number of electrons which it has lent or borrowed. 
The ability of one element to displace another depends upon its 
tendency to go into solution, or to ionize. 

QUESTIONS 
Group A 

1. Why do we call a solution of hydrogen sulfide a weak acid, 
and the solution of hydrogen chloride a strong acid? 

2. What is an electrolyte? How can you determine whether 
glycerine is an electrolyte? 

3. Define acid, base, and salt in terms of the ionization theory. 

4. What is the difference between the hydrogen ion and the 
hydrogen atom? How does the hydrogen atom differ from the 
hydrogen molecule? 

5. Which do you think would be the better conductor, sea 
water or distilled water? How do their freezing points compare? 

S. Is dry hydrogen chloride gas an acid? Is liquid hydrogen 
chloride an acid? How would you treat hydrogen chloride to give 
it acid properties? 

7. What is the difference between a ferrous ion and a ferric 

ion? , 
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Group B 

S. How do you explain the fact that dilute sulfuric acid at- 
tacks zinc, but cold, concentrated sulfuric acid does not attack it? 

9. Use a diagram to show what happens when an electric 
current is passed through a solution of sodium chloride. From 
the standpoint of the ionic theory, explain the action. 

10. Paper flowers, or doll dresses made of paper, are sometimes 
coated with a solution of cobalt chloride. From the standpoint 
of ionization, explain why they change color as the moisture con- 
tent of the air changes. 

11. If sodium chloride ionizes in solution, how does it happen 
that the sodium does not attack the water? 

12. What would you expect to happen if strips of zinc were 
immersed in solutions of each of the following metals: copper; 
tin; magnesium; gold; aluminum? 

13. Make a diagram of an apparatus to be used for silver 
plating. Where should you put the object to be plated? What 
electrolyte can be used? Of what should the anode be made? 
Why? 

EQUATIONS AND PROBLEMS 

1. Write the equation to show how each of the following com- 
pounds ionizes: barium hydroxide; potassium sulfate; ferric 
chloride; ammonium sulfate; bromic acid. 

2. Write ionic equations to show the neutralization of: cal- 
cium hydroxide with nitric acid; calcium hydroxide with sulfu- 
ric acid. 

3. How many pounds of sulfuric acid would be needed to 
neutralize 400 lb. of calcium hydroxide? 

4. How many pounds of calcium sulfate are formed in 
Problem 3? 
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Vocabulary 

Eqtiilibrimm. Used in chemistry to refer to a reaction in which the 
products unite to form the original factors at the same speed at 
which the factors are forming the products. 

DTjmamic. Referring to motion as opposed to a condition of rest. 

Static. Referring to a condition which does not change; a condition 
of rest. 

Hydrolysis. The interaction of water with a salt to form the base 
and acid of which the salt is the product. 


A. EQUILIBRIUM 

296. Physical Equilibrium. Contrary to the opinions of 
some persons, motion rather than rest seems to be normal in 
the universe. Molecules are dynamic ^ 

or kinetic; they are not staiiCj or at 
rest. If place a bell-glass over a 
pan of water, the air above the pan 
will soon become saturated with water 
vapor. If we could magnify the 
molecules of water enough to see 
them, we would have a picture some- 
thing like that represented in Fig, 

191. Some molecules moving toward 
the surface would enter the air; some 
would collide with air molecules or other water molecules, 
rebound, and return to the liquid. Let us suppose that 
1,000,000 molecules leave the water per second, and that 
1,000,000 molecules return to it per second. Then the air 
is saturated with water vapor. Such saturation is a condition 
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Fig. 191. — Saturated 
vapor. 
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of equilibrium between the molecules leaving the water and 
those returning. Hence, equilibrium appears to be a condi- 
tion pf rest, but it is actually one of constant motion. 

In preparing a saturated solution of sugar, we shake an 
excess of the solute with the solvent. At first molecules of 
the solute go into solution rapidly. But some of the mole- 
cules entering the solution will collide with water molecules, 
or with other sugar molecules, and rebound to the undis- 
solved mass. As the solution becomes more concentrated 
such collisions naturally become more frequent. When the 
number of molecules returning to the undissolved mass per 
second exactly equals the number of molecules going into 
solution per second, the solution is said to be saturated. This 
example of physical equilibrium may be represented as 
follows: 

undissolved molecules dissolved molecules. 

297. Ionic Equilibrium. No doubt some pupils have 
won^dered why the ions in a solution do not combine to form 
undissociated molecules, since they are charged with elec- 
tricity of unlike sign, and we know that unlike charges at- 
tract. As a matter of fact, they do. Ionization is kinetic 
too, instead of static. In the ionization of sodium chloride' 
for example, some molecules are ionizing, and at the same 
time some ions are recombining to form undissociated 
molecules. When we dilute a solution, we increase the 
volume of the solvent, and the opportunity for the contact 
decreased. Hence dilution increases ioniza- 
tion. When we concentrate a solution, more ions will unite 
to form undissociated molecules. The equation shown is 
typical of iomc equilibrium, 

NaCl Na"^ -f Cl'”, 

298. Chemical EquiUbrium. We learned that water may 
be decomposed by the use of the electric current. But we 
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can reverse the reaction, and cause the hydrogen and oxygen 
to combine and form water, provided we heat a mixture of 
the gases. Lavoisier formed mercuric oxide by heating 
mercury and oxygen; then he decomposed the mercuric 
oxide into mercury and oxygen by heating it to a higher 
temperature. Many chemical reactions are reversible, or 
they run to equilibrium. If we mix solutions of potassium 
nitrate, KNOs, and sodium chloride, NaCl, we have an 
equilibrium reaction that may be represented by the ionic 
equation, 

K+, NO 3 - + Na+, Cl~ ^ K+, Ci~ + Na+, NO 3 -. 

It is evident that we have four examples of ionic equi- 
librium between the dissociated and the undissociated mole- 
cules of potassium nitrate, sodium chloride, potassium 
chloride, and sodium nitrate. Such a solution undoubtedly 
contains the following: ions of potassium, sodium, chlorine, 
and the nitrate radical; undissociated molecules of potassium 
nitrate, potassium chloride, sodium nitrate, and sodium 
chloride. Some potassium ions will doubtless unite with 
chloride ions to form potassium chloride. Meanwhile some 
of the sodium ions will be uniting with nitrate ions to form 
sodium nitrate. But in time this action toward the right 
side of the equation will be offset by the tendency of the 
ions on the right side of the equation to recombine and form 
the original substances. Such a condition produces che^nical 
equilibrium, 

B, END REACTIONS 

299. Reactions That Run to Completion, Reactions 
that run to completion, or in one direction only, are a joy to 
the heart of the manufacturing chemist. While there are 
no cases of such absolutely ^deaZ conditions, yet there are 
a number of chemical reactions that show IMc tendency to 
reverse even under normal conditions. Some reactions that 
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under ordinary conditions are reversible may coaxed or 
driven to practical completion. Furthermore, chemists can 
predict that certain types of reaction will go to an end. If 
we bring together the ions needed for a double^ decomposition 
reaction, the reaction will always occur, and proceed to comple- 
tion, provided: 

L One of the products formed is insoluble. In testing for a 
chloride, we added a solution of silver nitrate to the un- 
known. Suppose, for example, that the unknown solution 
contained sodium chloride. The reaction may be repre- 
sented as follows: 

Ag+, N 03 “ -h Na+, Cl-^ AgCl i + Na+, NOg-. 

The silver ions unite with the chloride ions to form undis- 
sociated, insoluble silver chloride. The silver chloride is 
precipitated as fast as it is formed, and it is thus removed 
from the field of action.'^ There is no possibility of a 
reversal of the reaction, because the ions that could cause 
such reversal have been removed. The reaction goes in one 
direction to an end as long as either silver ions or chloride ions 
are present. A double decomposition reaction will always 
occur, if one of the compounds that would be fanned is insoluble; 
such a reaction runs to completion. 

Note. The extremely slight solubility of silver chloride is the 
only thing that keeps the reaction from being 100% complete. 

2. One of the products formed is volatile. When we add 
hydrochloric acid to a solution of baking soda, NaHCOs, 
the reaction runs to completion as represented by the 
equation, 

Na+, HCOs- + H+ Cl-*-^Na+, Cl“ + H^O + CO 2 T • 

In this case the carbon dioxide bubbles off as a gas, and is 
removed from the field of action’^ as fast as it is produced. 
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If one of the products formed is a gas, or is vaporized, the 
reaction runs to completion. Hence, we conclude that 
double decomposition reactions will occur if one of the products 
that would be formed is volatile; such a reaction runs to comple- 
lion, Cou^t Berthollet was the first to show the truths con- 
completion 


cernmg 

reactions. The two 
facts Just stated con- 
cerning end reac- 
tions are known as 
Bbrthollet^s Laws. 

Note. The back- 
ward pressure of air 
tends to prevent the 
complete removal of 
the carbon dioxide. 

This factor prevents 
f%ll completion of such 
reactions. 

3. One product 
does not dissociate. 

When we neutralize 
a strong base, such 
as sodium hydroxide, 
with a strong acid 
like hydrochloric, the 
reaction runs to com- 
pletion because water 
does not ionize to any appreciable extent compared to the 
ionization of the other compounds. The equation, 

Na"^, OH"” + H"^, Cl"" — > Na"^, Cl"" 4“ HOH, 

is typical. In 10% solutions, both sodium hydroxide and 
hydrochloric acid ionize to the extent of 50% or more. The 
dissociation of water is less than 2 parts per 1,000,000,000. 


William Thompson 

Fig. 192. — Claude Louis Berthollet (1748- 
1822) was a French chemist. He assisted in 
the reform of chemical nomenclature. He is 
best known for the laws^- pertaining to end- 
reactions. In conference with Lavoisier. 
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Hence the hydrogen ion of the acid and the hydroxide ion 
of the base are both removed by their uniting to form non- 
ionized water. Neutralization reactions run to completion. 
(See hydrolysis, page 370.) We may summarize the three 
cases we have had in one statement: Double decomposition 
reactions will occur when the needed ions are brought together^ 
'provided one of the products formed does not ionize. Such 
reactions run to completion. 

300. How Reactions May Be Forced Toward Comple- 
tion. Suppose we have twenty men engaged in a tug-of-war 
game. If there are ten men, all equally strong, on each side, 
there will be a dead-lock, or equilibrium. We can destroy 
such equilibrium by taking away a man from one side, by 
adding a man to one side, or in some way by weakening one 
group or by stimulating another group. In a similar manner, 
the chemist changes the physical or chemical conditions in 
order to force or drive an equilibrium reaction in the direction 
he desires it to go. By the use of examples, let us illustrate 
several methods. 

1. Effect of temperature. At a moderate temperature 
Lavoisier formed mercuric oxide by heating mercury in the 
presence of oxygen. 

2Hg + O 2 2HgO. 

In order to reverse such a chemical reaction, and secure 
oxygen and mercury, the temperature must be raised still 
more. At a higher temperature, the mercuric oxide de- 
composes as follows: 

2Hg0^2Hg + O 2 . 

There are many reactions in chemistry where temperature 
control is most important. 

2. Effect of pressure. In order to prepare hydrogen 
chloride, we heat a mixture of concentrated sulfuric acid 
with sodium chloride. The reaction in this case runs natu- 
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rally in. the direction we want it to go, because hydrogen 
chloride is ¥olatile. 

Na+, Cl- + H+, HSOr Na+, HSOr + HCl t . 

If, however, hydrogen chloride is forced under pressure 
into a solution of sodium acid sulfate, the reaction may be 
driven toward the left. 

In making quicklime, CaO, calcium carbonate is heated. 
The equation is as follows: 

CaCOs CaO + CO 2 . 

The backward pressure of the air keeps part of the carbon 
dioxide from escaping and tends to drive the reaction toward 
the left. By blowing air through a lime-kiln periodically to 
sweep away the carbon dioxide, the manufacturer increases 
the yield of quicklime. 

3. Effect of concentration. Let us consider a general 
equilibrium reaction in which the factors A and B are 
uniting to form the products C and D at exactly the same 
speed that C and D are reacting to form A and B. 

A B C *f* D. 

It is evident that doubling the molecular concentration of 
A will increase the number of contacts with B and increase 
the speed of the reaction toward the right. By the use of 
an excess of one reagent, the speed of the reaction may be 
increased, and the equilibrium may be displaced. It is 
possible, too, to decrease the concentration of one factor. 
In our study of the softening of hard water, we found that 
permutit would exchange its sodium for the calcium in the 
hard water. 

Na permutit + CaS 04 — > Ca permutit + Na 2 S 04 . 

But if we increase the concentration of the sodium ion by 
adding a 10% solution of sodium chloride, the reaction can 
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be reversed and the permutit may be regenerated for use 
in softening more water. 

Ca permutit + NaCl — ^ Na permutit + CaCb. 

By the use of an excess of a reagent the speed may be in- 
creased and a reaction driven in the desired direction. This 
Law op Mass Action is sometimes stated: The speed of a 
reaction is proportional to the product of the molecular .con- 
centrations of the reacting substances, 

301. What Is Meant by the Common Ion Effect? 
Through a saturated solution of sodium chloride, let us 
bubble some hydrogen chloride. As the hydrogen chloride 
dissolves, sodium chloride is precipitated. In the equation, 

NaCl^Na+ + Cl-, 

we have represented the ionic equilibrium between dissoci- 
ated and undissociated molecules of sodium chloride before 
the hydrogen chloride was added. But when we add the 
hydrogen chloride, we increase the concentration of the chlo- 
ride ion and drive the reaction to the left. Because the solu- 
tion was already saturated with sodium chloride, driving 
the reaction to the left causes sodium chloride to be pre- 
cipitated. This particular case of mass action is known as 
the common ion effect. The chloride ion is common to both 
sodium chloride and to hydrogen chloride. The addition 
of sodium nitrate to a saturated solution of sodium chloride 
will cause precipitation, because both hate in common the 
sodium ion. 

C. HYDROLYSIS 

302. Hydrolysis. In Section 299 we neglected the slight 
ioniaiation of water, and assumed that neutralization reac- 
tions run to completion. When we neutralize a strong acid 
with a strong base, the ionization of the water is so small 
compared to that of the acid, the base, and the salt that is 


HYDROLYSIS 


371 


also formed, that its effect is negligible. But when we try 
to neutralize a strong base with a weak -acid, then the effect 
of the slight ionization of the water compared to the rather 
feeble ionization of the weak acid must not be neglected. 
Its tendency to counteract the effects of neutralization is 
shown by the action of water in the decomposition of some 
salts by what is called hydrolysis. When sodium chloride is 
dissolved in water, there is almost no hydrolysis, because it 
is the salt of a strong acid and a strong base. 

If we dissolve some sodium carbonate in water, and test 
the water solution with litmus as an indicator, we find that 
it turns red litmus blue. The solution of this salt, in other 
words, acts like a base. We may represent the equation 
as follows: 

1. NaaCOs^ 2Na+ + 003 == 

2. 2H2O ^ 2OII- + 2H+ 

it i 

2NaOH H2CO3. 

The ionization of the water as shown in equation No. 2 
supplies some hydroxyl ions that combine with the sodium 
ions from ionic equation No. 1 to form some sodium hydrox- 
ide, strongly dissociated. The hydrogen ions from the water 
unite with the carbonate ion to form undissociated molecules 
of the weak carbonic acid. Hence, a salt formed from a strong 
base and a weak acid will hydrolyze in water, and the solution 
will act as a base. 

If we dissolve zinc chloride in water, the solution will turn 
blue litmus red. Zinc chloride is the salt of a strong acid, 
hydrochloric, and of a weak base, zinc hydroxide. Let us 
write the ionic equations : 

1. ZnCh^ Zn+-^ + 201- 

2. 2H0H?=^ 20H- + 2H+ 

i it 

Zn(0H)2 2HCi. 
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The hydrogen ion from the water gives the acid reaction for 
the strongly ionized hydrochloric acid. Undissociated mole- 
cules of zinc hydroxide are formed from the zinc, ion and 
the hydroxyl ion of the water. Hence, a salt formed from a 
strong acid and a weak base hydrolyzes in water, and the solu- 
tion acts like an acid. 

The salt of a very weak base and a very weak acid hy- 
drolyzes almost completely. The following reaction occurs 
when we add water to aluminum sulfide: 

1. AI2S3 ^2A1+++ + 3 S= 

6H0H^60H- + 6H+ 

i i 

(insoluble) 2A1(0H)3 3 H 2 S (volatile). 

The aluminum hydroxide is little soluble and hence non- 
ionized; the hydrogen sulfide is volatile and escapes as a 
gas. Hence we have both a precipitate formed and a volatile 
product, and the reaction runs practically to completion. 
The salt formed from a very weak base and a very weak acid 
hydrolyzes almost completely. 

SUMMARY 

Equilihrmmm a chemical reaction is established when the speed 
at which the factors combine to form products is just equaled by 
the speed at which such products recombine to form the original 
factors. Equilibrium is dynamic, instead of static. 

In physical equilibrium, we may have equilibrium between 
dissolved molecules of solute and the undissolved mass. Equilib- 
rium between undissociated molecules and dissociated molecules 
is ionic equilibrium. Chemical reactions sometimes run to 
equilibrium. 

Reactions run to completion normally: (1) // an insoluble com- 
pound is formed as one of the products; (2) If a volatile product is 
set free; (3) If a compound is formed that does 7 iot ionize, such as 
water. The first two statements were first formulated by Berthol- 
let. Hence they are called Berthollet^s Laws. 
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It is possible for a chemist to displace an equilibrium reaction: 
( 1 ) by a temperature change; (2) by a pressure change; i^) by 
changing both temperature and pressure^ either with or without the 
presence of a catalyst; ( 4 ) by changing the concentration. 

The Law of Mass Action, or the Law of Molecular Concentra- 
tion, may be briefly summarized as follows : The speed of a reaction 
is proportional to the products of the concentrations of the reacting 
substances. It was formulated by Guldberg and Waage. 

Hydrolysis is that interaction of water with a salt that causes 
its decomposition or partial decomposition. It is the reversal 
of neutralization. 

If both the acid and the base that form a salt are very strong, 
the salt does not hydrolyze. A salt formed from a strong acid 
and a weak base hydrolyzes, and acts like an acid. A salt formed 
by a strong base and a weak acid hydrolyzes, and acts like a base. 
Practically complete hydrolysis occurs when water is added to 
the salt formed by a very weak base and a very weak acid. 


QUESTIONS 

1. Make a list of 20 equations from those we have studied and 
explain why they run to completion or to equilibrium, whichever 
the case may be. 

2. Select five equilibrium equations that we have studied, 
and tell how you could drive the reaction more nearly to comple- 
tion in one direction. 

3. Why do you think that physical chemistry has become so 
important in college chemistry courses? 

4 . Study the formulas for the following salts. Tell which ones 
you would expect to hydrolyze, and how the solution would react 
toward litmus: KCl; K2CO3; FeCL; ZnS04; Na2S04; CuCL; 
CUSO4; andAlCL. 

i. Suppose you are dissolving stannous chloride in water, 
and a precipitate of stannous hydroxide forms by hydrolysis. 
Would the addition of hydrochloric acid increase or decrease the 
iiydrolysis? . Explain. 

6, If a certain dye is the sodium salt of a color acid, would the 
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addition of sodium sulfate to a water solution of the dye make it 
less soluble? Explain. 

7. A water solution of lead acetate is usually somewhat 
cloudy. What should you add to the solution to make it trans- 
parent? , 

,8. Explain why washing soda, Na^COs, is a good cleansing 
agent. 

9. Under what conditions do double decomposition reactions 
run to completion? 

10. What do you think would be the effect of heating calciiiiii 
carbonate in a sealed tube? Explain. 

11. Is it correct to think of water as having to a slight degree 
both the properties of an acid and of a base? 

12. Name several ways in which the equilibrium point of a 
chemical reaction may be shifted. 

13. Complete each of the following equations, indicating 
whether they run to completion or to equilibrium: (Before you 
try to write the equations, look up in Table 4 in the Appendix 
the solubility of the products you would expect to have formed.) 


(a) 

CuSOt 

+ H2S 

(/) 

Fe(N03)3 +NaCl 

(h) 

FeCla 

+ NaOH 

(9) 

FeS 

+ HaSO^ 

(c) 

AgNOs 

+ E:2Cr04 

ih) 

Hg(N03)2 + KI 

id) 

BaCU 

NaNOs 

d) 

KNO3 

+ ZnCb 

ie) 

Pb(N03)2 

+ H2SO4 ■—> 

O') 

AsCls 

+ H2S 


14. Which of the following compounds can be made by double 
decomposition? (See solubility table.) CUSO4; PbS04; PbCr04; 
CdS; AlCls; Zn(OH)2; HgCl; CaCOs; NaNOs; Ag2S. In three 
cases, explain how you would proceed. 
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SULFUR AND SULFIDES 

Vocabiilary 

Mobile. Capable of moving freely; referring to liquids that flow 
easily. 

¥iscous. Thick; not mobile. 

Octahedron. An eight-sided geometrical figure. 

Monoclinic. An axis of a crystal is an imaginary line between the 
centers of opposite faces; if one axis is inclined to the others, the 
crystal is monoclinic. 

Rhombic. Having the form of a rhombus. 

Prismatic. Shaped like a prism. 

A. SULFUR 

303. Where Sulfur Is Found. We naturally associate 
sulfur with volcanic regions. It is found in Popocatepetl, a 
volcano in Mexico. Sicily has long been a source of sulfur. 
This element occurs in widely distributed areas, either free, 
or uncombined, or in such compounds as sulfides or sulfates. 
At the present time enormous quantities of sulfur are pro- 
duced in Louisiana and Texas; the bulk of the supply now 
comes from the latter state. 

304. How a Mining Problem Was Solved. The sulfur 
beds in Texas and Louisiana lie at a depth of 500 ft., or more, 
and in some places they are 200 ft. thick. But these beds 
are covered with quicksand, and a hole dug in quicksand 
is only a little more permanent than a hole dug in water. 
Hence several attempts to sink a mining shaft down to the 
sulfur beds resulted in failure. 

Herman Frasch, an American chemist, devised the follow- 
ing scheme for getting the sulfur. As a casing, a 12-in. iron 
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Fig. 193. — Pipes as used in 
Frasch process. 
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Water 


pipe was driven down to the sulfur beds. Inside this casing^ 
there are three concentric pipes, 6 in., 3 in., and 1 in. in di- 
ameter respectively. They extend down into the sulfur beds 
beneath, (See Fig. 193.) Into the outer pipe 
water at a pressure of 100 lb. per sq. in. is forced. Under 

this pressure, the water is hot 
enough to melt the sulfur. Hot 
compressed air, which is forced 
down the inner pipe, mixes with 
the melted sulfur aiid decreases 
its density. The joint pressure 
of the hot air and the super- 
heated water is sufficient to 
push the melted sulfur up 
through the middle pipe. (See 
Fig. 194.) The molten sulfur 
flows into wooden bins that 
may measure 20 ft. in width, 
from 30 to 50 ft. in height, and 
100 ft. in length. After the 
sulfur has solidified, the sides of 
the bin are removed, the huge 
block of sulfur is broken up by 
blasting, and it is then loaded 
on freight cars by means of 
steam shovels. Figure 195 shows 
a large block of sulfur that was mined by the Frasch process, 
305. How Sulfur Is Purified. The sulfur obtained from 
Texas and Louisiana is so pure that for ordinary commercial 
purposes no further purification is necessary. Its purity is 
about 99%. If further purification must be done, the sulfur 
is distilled in earthenware retorts. The vapor condenses on 
the walls and on the floor of a large brick chamber. The fine 
powder is called flowers of sulfur. The sulfur that condenses 
on the floor of the chamber is usually drawn oflf as a liquid 
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Fig. 194. — Stream of molten sulfur issuing from a sulfur well. 


Fig. 195, — A block of Louisiana sulfur. 
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to solidify in molds. The product is called roll sulfur, or 

hrimstoiie, 

306. Physical' Properties of Sulfur. Ordinary sulfm* is a 
yellow crystalline solid. It is practically insoluble in water, 
but it dissolves readily in carbon disulfide and in some bases. 
When an acid is added to a solution of sulfur in a base, the 
sulfur is precipitated as a fine white powder called lac sulfur, 
or milk of sulfur. The density of sulfur is about twice that 
of water. Sulfur melts at a temperature of 114.5° C,, form- 
ing a pale yellow, mobile liquid. When it is heated still 
higher, instead of becoming more mobile as liquids usually 
do, it becomes more viscous. At a temperature of about 
250° C. the melted sulfur becomes so thick that it hardly 
flows from an inverted tube. As the temperature rises, the 
color changes from a light yellow to a brown or reddish 
brown, and then almost to black. At a still higher tempera- 
ture, the fluidity increases again and the liquid flows freely. 
It boils at 445° C. All of the general properties of sulfur do 
not apply to all the various allotropic forms of sulfur. Each 
one has some distinct properties. 

307. The Allotropic Forms of Sulfur. 1. Rhombic sulfur. 
If we dissolve a little brimstone in some carbon disulfide, 

and then let the disulfide evapo- 
rate, crystals of sulfur will separate 
from the solution. The crystals 
that are formed in this way will be 
shaped like an octahedron. (See 
Fig. 196.) Such crystals are stable 
at room temperature. They are a 
little more than twice as dense as 
water." ■■ 

Let us melt some sulfur in a large 
crucible, cool it slowly until a crust forms, break the crust 
and pour off the excess liquid; the interior of the crucible 
will be lined with a mass of pointed, needle-like crystals of 



Fig. 196. — Rhombic sulfur 
crystals. 

2. Prismatic sulfur. 
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prismatic sulfur. (See Fig. 197.) These crystals belong to 
the vwnoclinic system of crystallization. Sulfur crystallizes 
in the monoclinic, or prismatic, form when it solidifies from 


Fig. 197. — Needle-like crystals of prismatic sulfur. 
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. 308. ' Chemical Properties of Sulfur. At ordinary tem- 
perature sulfur is not very active. When heated, it unites 
with oxygen, burning with a blue flame and forming sulfur 
dioxide: 

' S Hh O2 — > SO2 t • 

Traces of sulfur trioxide, SO3, are formed when sulfur burns. 
Sulfur can be made to combine with hydrogen, carbon, 
chlorine, and other non-metals. Such compounds, however, 
are formed with some difficulty, and they are not very stable. 
From the formulas SO3, SO2, and H 2 S, it is apparent that 
sulfur may have the following valences: + 6, + 4, or — 2. 
Sulfur is similar to oxygen in the manner in which it com- 
bines with metals. Powdered zinc and sulfur combine ex- 
plosively. The heat produced when iron filings and powdered 
sulfur unite causes the mass to be heated to incandescence. 
Copper unites with the vapor from boiling sulfur. If the 
oxide of a metal is insoluble, generally the sulfide of that 
metal is insoluble. The following table shows a chemical 
similarity between oxygen and sulfur: 


Hydrogen sulfide .... 

... H2S 

Hydrogen oxide .... 

... H20 

Carbon disulfide 

... CS2 

Carbon dioxide. . . . 

... CO2 

Copper sulfide 

... CuS 

' Copper oxide 

... CuO 

Zinc sulfide 

... ZnS 

Zinc oxide 

... ZnO 

Mercuric sulfide 

... HgS 

Mercuric oxide 

... HgO 


309. Uses of Sulfur. This element finds use in making 
sulfur dioxide, carbon disulfide, sulfuric acid, and other com- 
pounds of sulfur. Several million tons are used annually 
in the making of sulfuric acid. Matches, fireworks, and black 
gunpowder all contain sulfur or sulfur compounds. The 
sulfur dyes find use in dyeing hosiery. They form fast 
black dyes. 

, It was in 1839 that Charles Goodyear, an American 
inventor, had the good fortune to spill on a hot stove a mix- 
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ture of rubber and sulfur with which he was experimenting. 
The product that was formed was the forerunner of the 
vulcanized rubber that makes modern rubber tires and rubber 
products possible. Without sulfur, the rubber that was 
smeared on fabric to make water-proof gum boots” was 
gummy ” in hot weather and brittle in cold weather. The 
vulcanized product is elastic and impervious, and not affected 


Courtesy of U,S. Dept, of Agriculture 
A spraying machine used with lime-sulfur. 


SO much by temperature changes. The hardness of vulcan- 
ized rubber depends upon the temperature at which the 
vulcanizing is done, and upon the per cent of sulfur that is 
added. Rubber bands, rubber stoppers, and rubber tubing 
contain small quantities of sulfur. Hard rubber contains a 
larger quantity. 

A mixture of four parts of powdered sulfur with one part 
of arsenate of lead makes an excellent fungicide. It finds 
use in destroying mildew and blight on roses and other 
plants. When sulfur is boiled with lime and water, it forms a 
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red liquid which consists essentially of poly-sulfides of cal- 
cium, CaSs, for example. This lime-sulfiir solution is exten- 
sively used for spraying fruit trees to destroy scale insects 
and as a fungicide. (See Fig. 199.) 

B. HYDROGEN SULFIDE 

310, Sources of Hydrogen Sulfide. All protein material 
contains some sulfur. When such protein material decays, 
small quantities of hydrogen sulfide are formed. The odor 
from decayed eggs is due to the presence of this gas. Coal 
is seldom free from sulfur. When coal burns, traces of hy- 
drogen sulfide and sulfur dioxide get into the air. The tar- 
nishing of silverware is due to the action of hydrogen sulfide 
in forming a metallic sulfide with the silver. 

311. How Hydrogen Sulfide Is Prepared. When hy- 
drogen is bubbled through molten sulfur, some hydrogen 
sulfide is formed. The reaction is reversible, however, and 
not practical for the preparation of hydrogen sulfide in any 
considerable quantity. 

In the laboratory, hydrogen sulfide is usually prepared by 
the action of hydrochloric acid or dilute sulfuric acid on the 
sulfide of a metal. Iron sulfide and 
hydrochloric acid interact as shown: 

FeS + 2HC1 FeCl 2 + HaS T . 

In this double decomposition reac- 
tion, the hydrogen sulfide is volatile 
and the reaction runs to completion. 
The gas is usually collected by air 
displacement. (See Fig. 200.) 

312. Physical Properties of Hy- 
drogen Sulfide. The gas is colorless, 
and it has the disagreeable odor of rotten eggs. It is heavier 
than air, and moderately soluble in water. The gas is poi- 
sonous when inhaled. In concentrated form, it is a violent 



Fig. 200. — Laboratory 
apparatus for making hy- 
drogen sulfide. 
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poison * when diluted with air^, it causes nausea, headache^ 
and dizziness. 

313. How Hydrogen Sulfide Acts Chemically. ■ The chem- 
ical behavior of hydrogen sulfide can be studied conveniently 
under the following sub-topics: 

1. As an acid. When hydrogen sulfide is dissolved in 
water, it can neutralize bases, turn blue litmus red, and 
form salts. Such a solution is called hydrosulfuric acid. It 
does not ionize largely; hence it is a weak acid. 

2. Hydrogen sulfide hums. Since both of the constituents 
of hydrogen sulfide combine with oxygen readily, we may 
expect the gas to burn, too. When it burns, the products 
that are formed will depend upon the relative amount of 
oxygen present. If there is sufficient oxygen to combine 
with all the hydrogen and all the sulfur, the products formed 
are sulfur dioxide and water. 

2H2S + 3O2 — ^ 2SO2 t “b 2H2O. 

If there is not enough oxygen to combine with both ele- 
ments, then the hydrogen will unite with the oxygen present, 
and sulfur will be set free. 

2H2S + 02-->2Si + 2H2O. 

It is possible, too, to have just enough oxygen present to 
unite with all the hydrogen, and to burn part of the sulfur. 
When a solution of hydrogen sulfide is exposed to the air, 
slow oxidation occurs; the hydrogen is oxidized, and sulfur 
is precipitated. The student should compare the burning 
of hydrogen sulfide in varying proportions of air with the 
burning of hydrocarbons under similar conditions. 

3 As a 1 educing agent. Hydrogen sulfide is not 
stable; it decomposes into hydrogen and sulfur, two elements 
that have a strong affinity for oxygen. Therefore, hydrogen 
sulfide is a good reducing agent. If we bubble the gas 
through a solution of hydrogen peroxide, the peroxide 
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be reduced to water; sulfur is precipitated as a fine white 
powder. The equation follows: 

H202 + H2S-~^2H20 + Si . 

4. Hydrogen sulfide acts on metals. The water solution of 
hydrogen sulfide attacks metals and forms sulfides. Organic 
substances, such as eggs, mustard, etc., contain considerable 
sulfur. As they decompose, hydrogen sulfide is formed. A 
silver spoon left in contact with such food soon becomes 
covered with a coating of silver sulfide. The tarnishing of 
some other metals is due to the formation of sulfides. 

314. Uses of Hydrogen Sulfide. In qualitative analysis 
hydrogen sulfide is extensively used as a reagent. The sul- 
fides of many metals are insoluble. When hydrogen sulfide 
is added to a solution containing such metals, the insoluble 
sulfides that are formed are thrown out of solution as pre- 
cipitates. The equations represent typical examples: 

Cu(N 03)2 + H2S CuS i + 2HNO3. 

2ASCI3 +3H2S-^As2S3i +6HCL 

CdS04 + H2S ^CdS i + H2SO4. 

If the hydrogen sulfide is added to a solution containing 
several metals, their sulfides will all be precipitated together. 
In qualitative analysis, the student learns how to separate 
the sulfides from one another and to identify each one. 
Carefully worked out schemes of analysis are based to a 
large extent upon the solubilities of the sulfides of different 
metals in different reagents. For example, the sulfides of 
zinc and manganese are soluble in dilute acids; the sulfides 
of arsenic and tin are soluble in ammonium sulfide; the 
sulfides of copper and lead are soluble in hot dilute nitric 
acid, but the sulfide of mercury is insoluble. 

316, Sulfur Springs. Some natural springs and some 
artesian wells contain hydrogen sulfide in solution. This gas 
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gives to such water its disagreeable odor and peculiar taste. 
The water from some sulfur springs is claimed to have cer- 
tain medicinal properties. Sulfur is deposited as the hydrogen 
sulfide oxidizes upon contact with the air. 

316. Test for Sulfide Ions. In water solution, hydrogen 
sulfide, or any soluble sulfide, furnishes sulfide ions^ 
These ions will unite with such metals as silver, lead, or 
copper to form precipitates. The sulfides of the three metals 
named are black; arsenic and cadmium form yellow sulfides; 
antimony sulfide is orange in color. To test for a soluble 
sulfide, then, we may add to the unknown solution a few 
drops of silver nitrate solution. If a sulfide is present, a 
black precipitate of silver sulfide will be formed, 

2AgN03 -{- ^^28 — > Ag28 ~f* 2XNO3. 

The letter x represents either hydrogen or some metal. 

C, OTHER SULFIDES 

★ 317. Metallic Sulfides. Many of the important ores 
found in nature are sulfides. Large quantities of copper 
sulfide are found in Montana; zinc sulfide is one of the 
important ores of zinc; lead sulfide is the most common 
ore of lead; sulfides of silver, tin, nickel, arsenic, and iron 
are also found in nature. 

★ 318. Carbon Disulfide, CS 2 . When sulfur vapor is 
‘ passed over charcoal heated in an electric furnace, a nearly 
colorless liquid is formed. It is a disulfide of carbon, anal- 
ogous to the dioxide of carbon. The commercial product 
has a disagreeable odor. It does not mix with water. The 
liquid is volatile, and its vapor burns explosively. 

CS2 + 3O2 CO2 T + 2SO2 T . 

When this liquid is poured into the holes of small burrow- 
ing rodents, such as gophers, rats, and mice, and then 
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ignited, the heavy products of combustion soon settle down 
to the animals underground, and suffocate them. Hence 
this .liquid finds use in destroying pests and as an insecticide. 
It is a good solvent for rubber, phosphorus, waxes, and resins. 
A solution of rubber in carbon disulfide is used as a rubber 
cement. 

SUMMARY 

Sulfur occurs in volcanic regions. It is believed that beds of 
sulfur are sometimes formed by the decomposition of sulfates in 
the presence of bacteria. Rich deposits of sulfur are found in 
Louisiana and Texas. 

Crude sulfur is purified by distillation. It is sold as flowers of 
sulfur^ roll sulfur^ and lac sulfur. 

Sulfur exists in three solid alio tropic forms: rhombic sulfur, 
prismatic sulfur, and amorphous sulfur. Sulfur is about twice as 
heavy as water; it is insoluble in water but dissolves readily in 
carbon disulfide. 

Sulfur burns with a pale blue flame forming sulfur dioxide. 
It unites readily at higher temperatures with most metals. 

Hydrogen sulfide is prepared by the action of an acid on a 
sulfide. It is a colorless gas with a very disagreeable odor. The 
gas is heavier than air and soluble in water. 

Hydrogen sulfide burns with a blue flame. It is a reducing 
agent. In water solution it acts like an acid and it combines with 
metals to form sulfides. It is used in qualitative analysis. 

Carbon disulfide is an oily liquid; it burns readily. It is used 
as a solvent, and as a germicide and insecticide. 

QUESTIONS 
Geoot a 

1. Write three equations for the burning of hydrogen sulfide, 
varying the amount of oxygen used. 

2. Why does silverware tarnish so readily in city dwellings? 

3. How do you account for the unpleasant odor and taste of 
certain springs? 
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L Why does a rubber band stretched over a silver coin soon 
form a brown mark or stain? 

5. Why do we call a solution of hydrogen sulfide a weak acid? 
Do you think such a solution would be a good conductor? 

6. Why is carbon monoxide a more dangerous poison than 
hydrogen sulfide? 

7. Iron pyrites, or "‘'fooFs gold/’ has the formula FeS 2 . 
Hoav would you prove that it is not gold? 

8. If you were given a 3 ^ellow^ powder, how could you prove 
that it contains nothing but sulfur? 

9. Make a list of the applications of sulfur. 

10. What is meant by vulcanization of rubber? Why is the 
process so important? 

Geoxjp B 

11. Devise a method of testing for traces of hydrogen sulfide. 

12. Lead sulfide is black. Would you recommend the use of 
white lead for painting the walls and ceiling of a chemical labora- 
tory? Explain. 

13. Write the equations to show the reaction of hydrogen 
sulfide with the chlorides of mercury, antimony, zinc, nickel, and 
bismuth. In which one of these reactions will no precipitate be 
formed, and why? 

14. Write equations to show three methods of preparing copper 
sulfide. 

15. Why cannot nitric acid be used in preparing hydrogen sulfide ? 

16. When hydrogen sulfide is added to a solution of zinc 
chloride, the reaction runs to equilibrium. What could you add to 
the solution to decrease the concentration of the hydrogen ion 
and make the reaction go to completion? 

IT. How could you make hydrogen sulfide, if you had as ma- 
terials iron, sulfur, and hydrochloric acid? 

18. From the formula for carbon disulfide, would you expect 
the liquid to burn? Explain. 

19. Write ionic equations to show the reaction of hydrogen 
sulfide on the solutions of lead nitrate and silver nitrate. 

20. Explain wdiy hydrogen sulfide solutions are kept in brown 
bottles? 
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PROBLEMS 
Group A 

1. How many grams of iron sulfide must be used to prepare 
100 grams of hydrogen sulfide? 

2. If hydrogen chloride is used with the iron sulfide in Prob- 
lem 1, how many grams of HCl are needed? 

3. How many grams of ferrous chloride are left in the solution 
after the reaction is finished? 

4. How many pounds of sulfur must be used to make 400 lb. 
of copper sulfide? 

Group B 

5. Calculate the weight of 500 c.c. of hydrogen sulfide at 

S T P ■ 

6. How many liters of air must be used to bum completely 
40 liters of hydrogen sulfide? How many liters of sulfur dioxide 
are formed? 

7. How many liters of carbon dioxide are formed by burning 
380 gm. of carbon disulfide? How many liters of sulfur dioxide 
are formed at the same time? 

8. From the formula for hydrogen sulfide, calculate its specific 
weight, air standard. 


CHAPTER 24 


OXIDES AND ACIDS OF SULFUR 

Vocabulajry 

Roasting. The heating of ores in the presence of air. 

Antiseptic (against decay). A substance that destroys putrefac- 
tive bacteria. It may be used upon a living body. 

Disinfectant. A substance that may be applied to objects to destroy 
bacteria. Some disinfectants are too active to be applied to living 
tissues. 

Dl-basic. Referring to an acid that has two replaceable hydrogen 

■ atoms per molecule. 

Thio. A prefix meaning sulfur. Used to refer to compounds in 
which sulfur atoms have been substituted for oxygen atoms. 

A. OXIDES OF SULFUR 

319. The Oxides of Sulfur. In our study of the proper- 
ties of sulfur, we learned that two oxides of sulfur are 
possible. Sulfur dioxide has the formula SO 2 ; sulfur tri- 
oxide has the formula SO 3 . Sulfur dioxide finds its way into 
the air from smelters where sulfide ores are roasted. Coal 
usually contains some sulfur. Hence sulfur dioxide is formed 
by burning such coal. 

320. How Sulfur Dioxide Is Prepared. 1. By hurning 
sulfur. If the sulfur dioxide is to be used for some purpose 
where the nitrogen and other elements in the air are not ob- 
jectionable, then the burning of sulfur is a good method of 
preparing it. The method is not satisfactory if reasonably 
pure sulfur dioxide is needed. 

2. By roasting mlfides. We know that many ores occur 
as sulfides. Before the metal is extracted from such ores, 
they are roasted (heated in air) to get rid of the sulfur. The 
reaction with the sulfide of zinc is typical of the chemical 
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behavior, although the oxide of the metal is not always 


formed 


2ZnS + 3 O 2 2ZnO + 2 SO 2 T 


This method is used extensively in preparing sulfur dioxide 
for use in the manufacture of sulfuric acid. Iron pyrites, 
FeS 2 , is the ore used. 

3, Decomposition of sulfites. Pure sulfur dioxide may be 
prepared by the action of an acid on a sulfite. Sodium sulfite, 
Na 2 S 03 , treated with sulfuric acid reacts as shown in the 
following equation: 

Na2S03 + H2SO4 — > Na2S04 + H2O + SO2 t • 

It is probable that sulfurous acid, H2SO3, is first formed, 
and that it decomposes into water and sulfur dioxide. 
(See Fig. 201.) 

4. By the reduction of sulfuric 
acid. Hot, concentrated sulfuric 
acid is a vigorous oxidizing agent. 
When a metal is treated with the 
hot acid, a series of reactions proba- 
bly takes place. The acid liberates 
oxygen which attacks the metal, 
and sulfur dioxide and water are 
formed as decomposition products 
of the acid. The excess acid con- 
verts the oxide of the metal into the 
sulfate. Let us write a series of equations to show the possi- 
ble steps in the reaction: 







Sodium 

^ui/Tie 




I 


Pig. 201 . — Laboratory prep 
aration of sulfur dioxide. 


H2SO4 
Gu +■“(©)■ 


H2O + SO2 


“GuO + H2SO4 — > CUSO4 + HjO. 

If we cancel the factors and products that are common to 
both sides of the equations, we may then combine the partial 
equations into the following equation: 
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Cu + 2H2SO4 CUSO4 + 2H20- + SO2 T - 

321. Physical Properties. Pure sulfur dioxide is a oolor-' 
less gas; it has a choking, suffocating odor. As prepared in 
the laboratory, it has a whitish appearance due to the 
presence of traces of sulfur trioxide. Sulfur dioxide is more 
than twice as heavy as air; it is very soluble in water. It is 
one of the easiest gases to liquefy, since it will liquefy at 
room temperature under a pressure of about two atmos- 
pheres. Liquid sulfur dioxide is sold in steel containers. 

322. How Sulfur Dioxide Behaves Chemically. 1. As 
an acid. Sulfur dioxide is the anhydride of sulfurous acid. 
When it dissolves in water, 

H2O + SOa^HsSOa, 

it forms a weak acid that will turn blue litmus red, or neutral- 
ize bases and form sulfites. The reaction is reversible. If 
the solution is heated, the acid decomposes into water and 
sulfur dioxide. When the solution stands exposed to air, 
it takes on oxygen and forms sulfuric acid. 

2. Its activity. Sulfur dioxide neither burns nor supports 

combustion. By the use of a suitable catalyst, or by the use 
of an oxidizing agent, it may be oxidized to sulfur trioxide. 
Thus it acts as a reducing agent. The valence of the sulfur is 
increased from a + 4 to a + 6. (SO2 + (0) SO3.) Since 

sulfur can also have a valence of -2, sulfur dioxide may 
sometimes act as an oxidizing agent. If treated with hy- 
drogen, it may oxidize the hydrogen and form water and 
hydrogen sulfide. Thus this gas may at times act as a 
reducing agent and under other conditions as an oxidizing 
agent. It is a fairly stable compound. 

3. As a bleaching agent Sulfur dioxide unites with the 
colored compounds of many organic substances and forms 
colorless compounds. For example, sulfur dioxide bleaches 
flowers, straw, etc., when they are moist. Some chemists 
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believe that the bleaching action of sulfur dioxide is due to 
its ability to act as a reducing agent. 

323. Uses of Sulfur Dioxide. 1. As a disinfectant and pre- 
servative. As a rule, a chemical that will destroy disease- 
producing bacteria will also destroy the bacteria that cause 
decay. Hence a disinfectant is also a preservative. If that 
preservative is to be used in food-stuffs it should not be toxic 
to human beings. Sulfur dioxide is used as a disinfectant and 
as an insecticide. It is used sometimes in preserving foods, 


Fig. 202. — Carnations showing the bleaching effects of 
sulfur dioxide. 

but such use is questionable. It has been used to bleach 
and preserve such foods as canned corn, sausage, and fruits. 

2. For bleaching. Wool, straw, and silk are sometimes 
bleached with sulfur dioxide. It does not injure the fiber, 
but the bleach is not permanent. If a straw hat is bleached 
with sulfur dioxide, and then worn in sunlight for a few 
weeks, the yellow color reappears. Carnations lose their 
color rapidly, if placed in moist sulfur dioxide. (See 
Fig. 202.) It also finds use in bleaching flour, molasses, and 
dried fruits. Maraschino cherries are bleached with sulfur 
dioxide, and then dyed red or green by the use of a dye-stuff. 

3. As a refrigerant. Nearly all household refrigerators 
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of the mechanical type use sulfur dioxide as the refrigerant. 
A small electric motor is used to compress "the gas and 
liquefy it. The coils in which it is liquefied are cooled by 
currents of air flowing around them. Then the liquid 


Fig. 203. — Sulfur dioxide is liquefied in the lower com- 
partment. As it evaporates in the coils (upper left) it ab- 
sorbs heat and freezes winter in the shallow pans. 

evaporates in coiled pipes which surround the trays that 
contain the water to be frozen. The heat needed to vaporize 
the sulfur dioxide comes from the air of the refrigerator, thus 
cooling it, and from the water, which loses so much heat that 
it freezes. (See Fig. 203.) 
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4l. For maki-ng sulfites and sulfuric acid. Enormous 
quantities of sulfuric acid are made from sulfur dioxide 
Since its water solution forms sulfurous acid, it may interact 
with bases to form suZjftes. 

324. Sulfites. Only a few of the sulfites are used verjt 
extensively. Since sulfurous acid ionizes in two stages it 
may form the acid sulfite ion, HSO 3 -, as well as the sulfite 
ion, S 03 =. The sulfites and the bi-sulfites of sodium and 
potassium are water soluble compounds. Calcium bi-sulfite 
Ca(HS 03 ) 2 , is used extensively in treating wood pulp in the 
paper industry. 

B. SULFUR TRIOXIDE AND SULFURIC ACID 

325. Sulfur Trioxide. This compound is the anhydride 
of sulfuric acid. At ordinary temperatures it is a colorless 
liquid. In the presence of a trace of moisture, it forms a 
white solid that dissolves in water with a hisgino; sound. It 
is a vigorous oxidizing agent. It is the intermediate product 
in the manufacture of sulfuric acid. 

326. How Sulfuric Acid Is Made. Since sulfuric acid is 
used in preparing many other acids, no doubt the student 
has wondered how sulfuric acid is manufactured. He will 
learn that it is important to use sulfuric acid to make more 
sulfuric acid. Of course it is possible to prepare sulfuric 
acid by dissolving its anhydride, SO 3 , in water. 

H2O + SO3 ^ H2SO4. 

But the problem the manufacturer has to solve is to make 
the sulfur trioxide in quantity. In the contact process j a 
catalyst is used to convert sulfur dioxide into sulfur trioxide. 
In the chamber process, sulfur dioxide is oxidized to the tri- 
oxide by the use of the oxides of nitrogen. Nitric oxide, for 
example, serves as a “carrier”; it takes on oxygen from the 
air, and gives it up to the sulfur dioxide. 
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327* Physical Properties of Sulfuric Acid. Sulfuric acid 
is a heavy, oily liquid; it is frequently called “oil of vitriol.^' 
Ordinary concentrated sulfuric contains about 93.5% acid; 
its specific weight is from 1.83 to 1.84. The boiling point of 
this acid is higher than that of most common acids, about 
338® C. Pure sulfuric acid is colorless but the commercial 
acid is often colored yellow to almost black due to impurities, 
especially organic matter. When sulfuric acid is added to 
water, a great deal of heat is evolved. The action is chemical, 
since hydrates of sulfuric acid, H 2 SO 4 . 2 H 2 O, or H 2 SO 4 . H 2 O, 
are formed. These hydrates decompose when the acid solu- 
tion is heated. Sulfuric acid burns the flesh frightfully, and 
great care must be used not to let it come into contact 
with the skin. 

328. Chemical Behavior of Sulfuric Acid. 1. Acid action. 
Dilute sulfuric acid has all the properties that are char- 
acteristic of typical acids. It acts on metals, the oxides of 
metals, and neutralizes bases forming sulfates, 

2. As an oxidizing agent. When sulfuric acid is heated it 
decomposes into water, sulfur dioxide, and oxygen. 

+ SO 2 T + (0) T . 

The nascent oxygen is a vigorous oxidizing agent. Thus 
hot concentrated sulfuric acid acts as an oxidizing agent in a 
manner similar to hot nitric acid, although it is not so 
vigorous. The action of hot concentrated sulfuric acid on 
copper, as shown in Section 320, is typical of its behavior. 
The cold, dilute sulfuric acid interacts with actwe metals and 
liberates hydrogen. 

3. As a dehydrating agent. Sulfuric acid is very greedy for 
water. Gases may be dried by bubbling them through con- 
centrated sulfuric acid. In fact, the affinity of this acid for 
water is so great that it will take hydrogen and oxygen, in 
the proportion needed to form water, from such substances 
as sugar (C 12 H 22 O 11 ), cellulose, (C6Hio08)», etc., and leave the 
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carbon uncombined. In this manner acid chars 

wood, paper, cotton, sugar, and other ‘^ODapounds, 

If the acid is heated with such substances for some time, it 
will oxidize the carbon, too, and form carbon dioxide. Iji 
many industries where the chemical reaction, forms water, 
sulfuric acid is used to take up the water as fast as it is 
formed and thus prevent the dilution of the other chemicals 
The reaction for the manufacture of nitro-gly"C®rine may be 
used to illustrate this type of reaction. 

C3H5(0H)3 + 3 HNO 3 C3H5(N03)3 -hSHjO. 

glycerine nitro-glyceriiie 

In making this explosive, a mixture of tb-O concentrated 
acids, nitric and sulfuric, is used. The nitric acid interacts 
as represented in the equation, and the sulfuric acid takes 
up the water as fast as it is formed. Otherwise the nitric 
acid would soon become so dilute the action would stop. 
In many industries, sulfuric acid is used as a dehydrating 
agent. 

329. Uses of Sulfuric Acid. To mention all the uses of 
sulfuric acid would require a long chapter^ and it would 
necessitate naming nearly all the industries- So general is 
the use of this chemical that the following statement is often 
made: ^^The civilization of a country is measured by the 
amount of sulfuric acid it uses.^^ Several million tons are 
made annually in the United States. In the explosives 
industry large quantities are used. Still larger quantities are 
used in making commercial fertilizers. In refining petroleum, 
sulfuric acid is used to char certain organic impurities. In 
cleaning metals, making sulfates, and in the preparation of 
acids, large quantities of this acid are used. From the 
preceding paragraphs we find that this acid is used quite 
extensively in its own preparation. It is not astonishing 
that Ellwood Hendrick calls sulfuric acid the old horse ” of 
chemical industry. 
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330. Sulfates. The sulfates form a very important class 
of salts. These salts are popularly known as vitriols. Copper 
sulfate is commonly called blue vitriol; zinc sulfate, white 
vitriol; and ferrous sulfate, green vitriol. Nearly all sulfates 
are soluble, the sulfates of lead, calcium, barium, and stron- 
tium being the chief exceptions. 

331. ’ How to Test for a Sulfate. When a solution of 
barium chloride is added to a solution containing sulfuric 
acid, or any soluble sulfate, a white precipitate of barium 
sulfate is formed. 

BaCla + H2SO4 BaS04 i H- 2HC1. 

This precipitate is insoluble in hydrochloric acid. There- 
fore, in testing a solution to see whether it contains a sulfate, 
we first add a little hydrochloric acid and then a solution of 
barium chloride. If a white precipitate forms, we know that 
the solution contained a sulfate. 

332. Sulfuric Acid May Form Two Kinds of Salts. When 
we studied the ionization of acids, we learned that sulfuric 
acid may ionize to produce the HSO4" ion, or more completely 
to form the S04“ ion. As a result, it may interact with metals 
or bases to form salts having either ion. For example, 

NaOH + H0SO4 NaHS04 + H2O. 

2NabH + H 2 SO 4 Na2S04 + 2H2O. 

In the first case one atom of sodium replaces just one of the 
two h^^drogen atoms of sulfuric acid and forms sodium acid 
sulfate^ NaHS04. An acid salt always contains some of the 
hydrogen of the acid from which it was formed. Sodium acid 
sulfate is often called sodium hi-sulfate. An acid like stdf uric 
that has tioo replaceable hydi'ogen atoms per molecule is called a 
di-basic acid. From the second equation we see that one mole 
of such an acid just neutralizes two moles of a base like 
sodium hydroxide. Thus the name di-basic. 

From a study of the second equation, we see that complete 


402 


OXIDES AND ACIDS. OF SULFUR 


neutralization of the sulfuric acid forms sodium sulfate, 
Na2S04, a normal salt. Such salts are often called neutral 
salts, an unfortunate name since many of them act as acids 
or bases in solution. (See hydrolysis, Section 302 .) 

A glance at the formulas for nitric acid and hydrochloric 
acid must convince us that they can form normal salts only^ 
since they have only one hydrogen atom per molecule. Such 
acids are mono-basic. It is obvious that sulfuric acid can 
form just twice as many salts as either one of these acids. 

Phosphoric acid, H3PO4, is a tri-basic acid; it has three 
replaceable hydrogen atoms in its molecule. It may form 
three different salts as represented by the following equations: 

NaOH + H3P04-^NaH2P04 + H2O. 

2 NaOH + H3PO4 Na2HP04 + 2H2O. 

3 NaOH + H3PO4 Na3P04 + 3H2O. 

★ In the first case we have formed NaH2P04, which is 
called mono-sodium phosphate, or di-acid sodium phosphate; 
the salt Na2HP04 is called di-sodium phosphate, or sodium 
acid phosphate; the third salt, Na3P04, is tri-sodium phos- 
phate, or normal sodium phosphate. 

★ 333 . Other Acids of Sulfur. Several other acids of sul- 
fur are known. Fuming sulfuric acid, H2S2O7, was used under 
the name oleum during the World War for maldng “smoke 
screens.^’ It finds use in the dye industry. The sodium 
salt of thio-sulfuric acid, H2S2O3, has the formula Na2S203. 
Its correct name is sodium thiosulfate, but it is better known 
as “hypo,^^ a salt used in photography. The prefix ^^thio” 
means that one or more atoms of sulfur have been substituted 
for oxygen, atom for atom. 

SUMMARY 

Sulfur dioxide may be prepared: ( 1 ) by burning sulfur; ( 2 ) by 
roasting a sulfide; ( 3 ) by decomposition of sulfites; ( 4 ) by reduction 
of sulfuric acid. 
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Sulfur dioxide is a heavy, suffocating gas; it is easily iicpefied; 
it is very soluble in water. 

Chemically, sulfur dioxide acts as a reducing agent; it is stable. 
In water solution, it forms sulfurous acid, a weak acid. 

Sulfur dioxide finds use as a germicide, a preservative, a bleach- 
ing agent, and in the preparation of sulfuric acid and sulfites. 
It is a disinfectant and antiseptic. It is the most important sub- 
stance used for household refrigeration. 

Sulfur trioxide is prepared by oxidizing sulfur dioxide, either 
by the use of the oxides of nitrogen, or by the use of platinum as a 
catalyst. It is the anhydride of sulfuric acid. 

Sulfuric acid may be made by the contact process or the cham- 
ber process. It is a heavy, oily liquid that mixes with water in 
all proportions. When (dilute^ it acts as an acid; when hot and 
concentrated, it is a vigorous oxidizing agent and a dehydrating 
agent. There are few industries in which sulfuric acid is not used, 
directly or indirectly. 

A di-basic acid has two replaceable atoms of hydrogen per 
molecule; it is capable of forming two classes of salts: add salts, 
and normal salts. 

QUESTIONS 
Group A 

1. How would you prepare sulfur dioxide for a laboratory ex- 
periment? Can the gas be collected by water displacement? 

2. In diluting sulfuric acid, why must the acid be poured into 
the water, and never the reverse? 

3. How would you test a solution to determine the presence 
of a sulfate? 

4. How would you test for a sulfite? For a sulfide? 

5. Newspapers and straw hats become yellow with age.’’ Ex- 
plain why. 

6. It is not uncommon to find a brown ring on a table or shelf 
where a bottle of concentrated sulfuric acid has been standing. 
Explain.; ^ j 

7. Of what value is a beaker partly full of sulfuric acid in the 
glass ease of a chemical balance? 
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8. Why does boiling sulfuric acid produce such frightful bums? 

9. Twenty c.c. of sulfuric acid are measured out in a graduated 
cylinder, and permitted to stand in the iaboratoiy for a few weeks. 
Will the volume increase, decrease, or remain constant? Explain. 

10. The use of sulfuric acid is so extensive that it has been 
called the '‘king of chemicals/^ How does it happen that it is not 
so well known as copper, iron, cement, etc.? 

Group B 

11. Is it possible for sulfuric acid to form an acid salt with 
calcium hydroxide? If so, write the equation. 

12. Cream of tartar is an acid salt, potassium acid tartrate. 
How do you account for its sour taste and its action as an acid in 
baking powders? 

13. How many sodium salts can be formed by the action of 
sodium hydroxide with a tetra-basic acid, such as H 4 Si 04 ? 

14. WHiat compound do you think would be formed if you 
heated a sulfate with powdered charcoal? 

15. At least 100 lb. of sulfuric acid are made annually for every 
man, woman, and child in the United States. Ho\v do you use 
100 lb. of sulfuric acid annually? 

16. If one ^Yrites on a paper with concentrated sulfuric acid, 
and then holds the paper near a flame, the writing appears black. 
Explain. 

17. List three properties of sulfur dioxide that show how the 
uses of a substance are related to its special properties. 

18. What is meant by the principle of ‘'counter currents’’ as 
xz.sed in chemistry? 

19. Wliat advantages over platinum does vanadium oxide have 
as a catalyst? 

20. Why would it be inadvisable to ship nitric acid or sulfuric 
acid in the same car with miscellaneous freight? 

PROBLEMS 
Group A 

1. How many pounds of sulfuric acid can be prepared from one 
ton of sulfur that is 98% pure? 
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2. How many pounds of ferrous sulfate can be made by the 
action of a slight excess of sulfuric acid on 400 lb. of iron? ' 

3. How many pounds of sodium* sulfite are needed to prepare 
40 lb. of sulfur dioxide? 

Group B 

4 Calculate the weight of one liter of sulfur dioxide. Find its 
specific weight, air standard. 

5. How many liters of sulfur dioxide will be formed by the 
action of an excess of sulfuric acid on 120 gm. of sodium sulfite? 

6. One hundred gm. of copper interact with 100 gm. of sulfuric 
acid. How many liters of sulfur dioxide are set free? 

7. In maldng sulfuric acid by the chamber process, how many 
cu. ft. of nitrogen peroxide must be used to oxidize 2000 cu. ft. 
of sulfur dioxide? 

SUPPLEMENTARY PROJECTS 

Prepare a report on one of the following topics: 

1. Uses of sulfuric acid. 

Reference: E., Everyman's CheMutry. Harper. 

2. Advantages and disadvantages of chemical preservatives in 
food. 

References: Eccles, Food Preservatives, Their Advantages and 
Proper Use. 

Wiley, H. W., Foods and their Adulterations. Blakiston. 

3. Industrial catalysts. 

Reference: How's, H. E., Chemistry in Industry, Vol. II, 
Chap. I. Chemical Foundation, Inc. 


CHAPTER 25 


THE HALOGEN FAMILY 

Vocabulary 

Halogen. A salt producer. 

Toxic. Poisonous. 

Sedative. A drug or medicine used to quiet the nerves. 

Lachrymator. A substance that causes the tear glands to secrete 
tears freely. 

Alleviate. To lighten or lessen. 

334. The Halogen Family. Four elements, fluorine, 
chlorine, bromine, and iodine are similar enough in their 
chemical behavior to be grouped by chemists in one family or 
group. Ellwood Hendrick calls it the red-headed halogen 
family, because he has found that persons who have Titian- 
tinted locks are apt to be more active and vigorous than 
others. The members of the halogen family are the most 
active elements known. The word halogen” means salt- 
producer. These elements form many of the important salts 
used in chemistry. In the majority of their compounds, 
these elements borrow electrons and have a negative valence 
of 1. As positive elements, they may have a valence as high 
as 7. 

A. FLUORINE 

336. Fluorine is the most active element known. It 
combines readily with practically all elements but oxygen. 
It unites with hydrogen explosively, even in the dark. 
Nearly all elements are attacked Iw it, and the salts formed 
are called fluorides. Gold and platinum are attacked by it 
slowly. Fluorine is found in nature in fluoritej a mineral 
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composed of calcium fluoride, CaF 2 . The only known 
method of preparing the element is the one worked out by 
Moissan. He decomposed potassium acid fluoride^ KHF 2 , 
by electrolysis. 

336. Hydrogen Fluoride, H 2 F 2 . If we treat calcium 
fluoride, CaF 2 , with sulfuric acid, hydrogen fluoride is 
set free. 

CaFs + H2SO4 CaS 04 + H2F2 T • 

Like hydrogen chloride, it is a colorless gas that fumes 
strongly in moist air. It dissolves in water and forms hydro- 
fluoric acid. This acid is very corrosive, attacking the flesh 
and forming painful sores that require a long time to heal. 
The vapor is very dangerous when inhaled. Hydrofluoric 
acid attacks most substances; wax, lead, and platinum are 
the most important exceptions. At ordinary room tempera- 
ture, the molecular weight of hydrogen fluoride is 40, show- 
ing that the gas 

has the formula 

H 2 F 2 . At somewhat 
higher tempera- 
tures, the molec- 
ular weight is only 
20, corresponding 
to a formula of HF. 

The equation, 

2HF H 2 F 2 , 

shows how two 
molecules associate 

at lower temper- Fig, 207.— -The word chemistry’' was 

, , ^ etched with the gas hydrogen fluoride; the 

ature to lorm a other words with a solution of the gas. 
single molecule. 

Hence, hydrofluoric acid may act as a dibasic acid. 

The chief use for hydrofluoric acid is for etching glass. 
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After the surface of the glass has been covered with wax or 
paraffin, a sharp stylus is used to scratch away the wax from 
the parts to be etched. Then the prepared glass plate is 
exposed either to the gas, or to a solution of hydrofluoric 
acid. (See Fig. 207.) The excess acid is washed off, and 
the paraffin is then removed. If a solutionis used, the etch- 
ing is smooth and transparent ; if the gas is used for etchino' 
the glass is likely to be rough and translucent. Fluorides are 
sometimes used for “frosting glass,” in the making of enam- 
els, and in the manufacture of certain kinds of glass. 

B. CHLORINE 

337. Where Chlorine Is Found. Since chlorine is such an 
active element, it never occurs free or uncombined in nature. 
It occurs abundantly in chlorides. Sodium chloride, or salt 
is widely distributed, occurring in salt brines underground- 
in sea water, and in rock-salt deposits. Sodium chloride is 
the commercial source of chlorine. Other chlorides found in 
nature are those of potassium and magnesium. It was first 
isolated by Scheele, a Swedish chemist. 

338. How Chlorine Is Prepared. 1. By electrolysis of 
sodium chloride. Several commercial methods of preparing 



chlorine by the electrolysis of a solution of sodium chloride 
have been developed. In all cases the sodium that is set 
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iron serves as me camoae. 

Graphite rods, which are 
immersed in the salt solu- 
tion, serve as the anodes. 

A closely woven asbestos 
diaphragm, supported by 
the sheet iron cathode, is 
used to keep the chlorine 
from uniting with the hy- 
drogen or the sodium 
hydroxide. (See Fig. 209.) 

After the United States 
entered the World War in 
1917, the largest chlorine 
plant ever built was erected 
at Edgewood Arsenal, Mary- 
land. In no other case had 
so extensive a chemical 
plant been built for electro- 
lytic work. Figure 210 shows one of the eight cell rooms. One 
hundred tons of chlorine could be produced daily in this plant. 

2. By the oxidation of hydrogen chloride, (A laboratory 
method.) Manganese dioxide is an oxidizing agent. If it 
is mixed with hydrochloric acid, chlorine is set free when 
the mixture is heated. The equation follows: 


Fig. 209. — Cross-sectional diagram 
of Nelson cell. 


MnOa + 4HC1-^ MnCla + 2 H 2 O + Cl; 
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There is an interesting valence change in this case, as in 
all oxidation and reduction reactions. The valence of the 
manganese in the dioxide is 4; but as the hydrogen of the hy- 
drochloric acid is oxidized to form water, the valence of the 
manganese is lowered to 2. We would expect to have formed 



manganese tetra-chloride, MnCh, but if such a compound is 
formed at all, it decomposes immediately. 

It is good laboratory practice to oxidize the hydrochloric 
acid as fast as it is formed. Hence manganese dioxide is 
mixed with sodium chloride and sulfuric acid. When this 
mixture is heated, the manganese dioxide oxidizes the hydro- 
gen chloride, and chlorine is set free. The reaction takes 
place as represented by the following equation: 

2NaCl+Mn02+2H2S04-^Na2S04+MnS04+2H20+Cl2 t • 

339. Physical Properties. Chlorine is a greenish-yellow ^ 
gas, having a disagreeable, suffocating odor. It is about 
times as heavy as air, and moderately soluble in water. 

It imparts to the water solution a pale yellow color. When 
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inhaled in small quantities, it attacks the mucous membrane 
of the nose and throat, and produces the same effect as a 
heavy cold. The bad effects produced from breathing chlo- 
rine are partly alleviated by inhaling alcohol or ammonia. 
In larger quantities, chlorine is so toxic that it causes death. 

340. Chemical Behavior of Chlorine. In the business 
world, chlorine would be called a “ go-getter, Its activity 
is due to its greed for electrons. Fluorine is the only element 
that is more active. Under certain subtopics, we may list 
some of the activities of chlorine: 

1. Action with metals. Let us sprinkle some powdered 
antimony into a jar of moist chlorine. The two elements 
unite spontaneously, emitting a shower of sparks. Antimony 
tri-chloride, SbCls, is formed. When we heat some metallic 
sodium and lower it into a jar of chlorine, sodium chloride 
is produced. Chlorine combines directly with such metals as 
copper, zinc, iron, and arsenic, if they are heated slightly. 

2. Action with hydrogen. No action occurs if a mixture of 
hydrogen and chlorine is kept in the dark. But if heated, or 
exposed to sunlight, such a mixture explodes violently. A 
jet of hydrogen, burning in air, will continue to burn when 
introduced into a jar of chlorine. Hence our definition of 
combustion must be broadened to include any chemical 
change that takes place so vigorously that hath light and notice-- 
able heat are produced. Chlorine has so great an affinity for 
hydrogen that it can take hydrogen from some of its com- 
pounds. For example, although chlorine does not support 
the combustion of wood, paper, etc., yet a candle will con- 
tinue to burn in it. The flame is smoky, and examination 
of the products left shows us that the hydrogen from the 
candle wax has combined with the chlorine, and that carbon 
is left uncombined. Turpentine is a hydrocarbon having the 
formula CioHie. If a strip of filter paper is moistened with 
warm turpentine and suspended in a jar of chlorine, it bursts 
into flame. Hydrogen chloride is formed, and dense clouds 
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of soot are produced. Thus we see that chlorine not only 
combines directly with hydrogen, but it has the ability to take 
hydrogen from hydrocarbon compounds. 

3. Its action with water. Freshly prepared chlorine water 
is yellow in color. If we let such a solution stand in sunlight 
for a few days, the yellow color, and the pronounced odor of 


Fig. 211. — Bleaching effect of chlorine. 

chlorine both disappear. The chlorine has united with the 
hydrogen of some of the water to form hydrochloric acid. 
The equation follows: 

HoO + CI 2 2HC1 + (0). 

The water solution of chlorine is a vigorous Ueachmg agent. 
Since a substance must be wet to be bleached by chlorine, 
it seems evident that the bleaching action is one of oxidation 
due to the action between water and chlorine with the libera™ 
tion of nascent oxygen. (See Fig. 211.) Chlorine water is a 
good oxidizing agent. 

341. Uses of Chlorine. 1. For bleaching. For use in 
bleaching, chlorine may be obtained from chloride of lime^ 
or bleaching powder. This compound, which is made by pass- 
ing chlorine gas into calcium hydroxide, 

Ca(0H)2 + Ch CaOCb + H 2 O, 
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is probably not a single compound, but a mixture of the salts 
of hydrochloric and hypochlorous acids corresponding to the 
formula CaOCU. Sometimes the article to be bleached is 
attached to the anode of a cell in which the electrolysis of 
sodium chloride is taking place. 

Figure 212 shows a method used in bleaching cotton goods. 
The cloth is boiled in a dilute caustic soda solution to remove 
the wax from the fibers. From the roll, R, the cloth is drawn 
through a vat, b, containing bleaching powder and water. 



Then it goes into a sulfuric acid vat, a, where hypochlorous 
acid is set free. An antichlor is used in vat c to remove the 
last traces of chlorine. The strip is then washed, ironed and 
re-rolled. 

For removing stains or spots on cotton or linen, Labar- 
raqiie’s solution is often used. It is made by mixing a solution 
of sodium carbonate with a solution of calcium hypochlorite 
obtained by boiling water that contains bleaching powder. 
Such a solution is often mcorrectly called Jmelle water ^ which 
is a similar stain remover that contains potassium hypo- 
chlorite instead of sodium hypochlorite. Ink eradicators also 
use chlorine as the bleaching agent. Solution No. 1 contains 
citric or tartaric acid. Solution No. 2 contains some hypo- 
chlorite solution. When the two solutions are mixed, hypo- 
chlorous acid, HCIO, is set free. Students must not get the 
idea that chlorine will bleach all dyes or destroy all colors. 
Many dye-stuffs are not affected by chlorine as a bleaching 
agent. Chlorine usually removes natural colors and takes 
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out spots made by ordinary ink, but it' does not affect 
printer's ink at all. Chlorine finds extensive use in bleaching 
cotton goods. It must not be used with silk or wool. Neither 
Labarraque^s solution nor Javelle water can be used to remove 
spots or stains from silk or wool. 

2. As a disinfectant. Since moist chlorine is ' a good 
o:^idizing agent, bacteria are destroyed by it. Large quan- 
tities of . chloride of lime'^ are used as a • disinfectant. 
Billions of gallons of water are treated with chlorine to make 
it fit for drinking purposes. The water in the swimming 
pools in amusement parks, recreation buildings, or in parks 
is treated with chlorine to destroy disease-producing bacteria. 
Dakin\s solution, so extensively used for sterilizing wounds, 
contains sodium hypochlorite. Chlorine is easily liquefied, 
and it is usually marketed in steel cylinders. 

3. For making compounds. Chloroform contains a large 
percentage of chlorine. Carbon tetrachloride, CCU, is ex- 
tensively used as a fire extinguisher. It is as efficient as 
gasoline for removing spots on clothing, and it has the ad- 
vantage of being non-flammable. It costs slightly more than 
gasoline, but it is cheaper than a fire might be. Chlorine 
was made on a large scale during the World War because 
all the toxic gases were compounds of chlorine. 

4. As a toxic gas. April 22, 1915, the Germans released 
great clouds of chlorine from rows of cylinders which had been 
secreted in their trenches. This heavy gas was carried by 
the winds to the Canadians at Ypres. The men were with- 
out masks, and the casualties w^ere heavy. Within a week, 
the women in France and England made over 2,000,000 small 
bags and filled them with ^^hypo^^ crystals. This chemical 
is an ^‘antichlor.^^ Even such a crude mask, when tied over 
the mouth and nose of a soldier, made him temporarily 
immune to the attacks of chlorine. More efficient masks 
were developed later by the chemists engaged in defensive 
work. They were capable of nullif 3 ring the effects of such 
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gases as mustard gas, chlor-picrin, and phosgene, all chlorine 
compounds that were used as poisonous gases during the 
World War. (See Fig. 213.) 

★ 342. Phosgene, COCI 2 . This toxic gas is made by pass- 
ing carbon monoxide and chlorine over charcoal as a catalyst. 
It is especially dangerous, since a person who inhales it does 
not suffer from it for a few hours. Then he may collapse 
suddenly. It is suffocating and attacks the membranes of 


Fig. 213- — Photograph showing actual trench warfare. 

the respiratory organs; it tends to stop the action of the 
heart. 

★ 343. Chlor-picrin, CCI 3 NO 2 . This compound is made 
by the interaction of bleaching powder and picric acid. It 
is a heavy liquid, which gives off a suffocating vapor that 
attacks the eyes, and also induces vomiting. The men who 
inhaled its vapor were thus forced to remove their masks. 
Other more deadly gases were used with chlor-picrin during 
the World War. 
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★ 344« Mustard Gas, (€211401)28. This compound, called 
'' mustard gas,’^ is known to chemists as di-chlor-ethyl-sulfide. 
It is an oily liquid that is made by absorbing ethylene, C2H4, 
in sulfur monochloride, S2CI2. The liquid blisters the skin, 
and causes wounds that are slow to heal. As it slowly 
evaporates, a vapor is emitted that affects the lungs in a 
manner similar to pneumonia. 

C. HYDROGEN CHLORIDE 

345. How Hydrogen Chloride Is Prepared. The com- 
mercial preparation of hydrogen chloride is the same as the 
method used for its laboratory preparation, heating sodium 
chloride with sulfuric acid. 

NaCl + H2SO4 NaHS04 + HCl T • 

The gas is dissolved in pure water, and marketed as hydro- 
chloric acid. It is often called muriatic acid. 

346. Physical Properties. Hydrogen chloride is a color- 
less gas that has a sharp, penetrating odor. It is heavier 
than air, and it dissolves readily in water. One volume of 
winter at standard temperature and pressure will dissolve a 
little more than 500 volumes of the gas. Hydrogen chloride 
fumes in moist air, because it is so soluble that it takes water 
from the air and condenses it into minute drops. 

347. Chemical Behavior. 1. Stability. Hydrogen chloride 
is a stable compound. It neither burns nor supports com- 
bustion, although some oxidizing agents attack it and liberate 
chlorine. 

2. As an acid. A water solution of hydrogen chloride is 
known as hydrochloric acid. The concentrated acid contains 
about 38% of the gas by weight. It is nearly 1.2 times as 
dense as water. When the concentrated acid is boiled, it 
loses hydrogen chloride gas faster than it does water, and 
the solution becomes more dilute, until it contains only 20% 
of the gas by weight. If, however, we boil a more dilute 
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Courtesy U. 8. War Dept. 

Fig. 214. — A curtain of chemical smoke laid down by an airplane. 


Many metals must be freed from their oxides and other 
forms of tarnish before they can be galvanized, tinned, 
enameled, or plated with other metals. The process of re- 
moving such scale is known as ^‘pickling.” The metals are 
immersed in a mixture of acids, usually hydrochloric and 
sulfuric in varying proportions. Some hydrochloric acid is 
present in the gastric juice of the stomach. Probably many 
stomach disorders are due either to a deficiency of this acid 
in the gastric juice, or to the presence of too large a percentage. 


solution, it loses water faster than it does the gas, and the 
acid becomes more concentrated, until it is of 20% strength. 
A 20% solution boils at 120*^ C., and its strength remains 
constant. Hydrochloric acid is one of the strongest acids 
known. It attacks metals, oxides of metals, and neutralizes 
bases. 

348. IJses, Hydrochloric acid is used in making chlorides, 
in preparing bleaching powder, and in cleaning metals. 
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349. Chlorides. There are chlorides of nearly all the 
metals. They form an important group of salts. In addi- 
tion, the chlorides of such non-metals as carbon, phosphorus, 
sulfur, hydrogen, and silicon are well known compounds 
that have important applications. The chlorides of the 
metals are nearly all crystalline compounds; most of them 


Fig. 215. — Writing upon the sky in letters one mile high: 

are water-soluble. The chlorides of silver, lead j and mercurous 
merc-wr?/ are insoluble, 

★ 350. The Chemical Nature of Smoke Screens. Such 
elements as tin, titanium, and silicon form tetra-chlorides 
that hydrolyze almost completely in moist air. As they 
hydrolyze, hydrogen chloride is formed, and it condenses 
the moisture in the air to form a mist. The tetra-chlorides 
of silicon and titanium were extensively used during the 
World War to make a smoke screen to hide the movements 
of vessels or of troops. When ammonia was used with them, 
it combined with the hydrogen chloride and formed particles 
of ammonium chloride. (See Fig. 214.) 
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“Chemical smoke'' is used in airplanes for making 
“screens" and also for advertising by “sky-writing." At a 
height of about 2 miles a pilot writes his message in letters 
of /' smoke." The letters are from a half mile to a mile in 
height. From 6,000,000 to 8,000,000 cu. ft. of “smoke" are 
required for each letter. The “smoke" is released as the 
pilot travels from 75 to 120 miles per hour. (See Fig. 215.) 

351. Test for Chlorides. To test for a soluble chloride, 
we make use of Berthollet's law of insolubility. To the 
solution to be tested for chloride ions, we add a solution ‘of 
silver nitrate. If a chloride is present, its chloride ion will 
unite with the silver ion to form a white precipitate of silver 
cliloride, which is insoluble in nitric acid. The test is not 
satisfactory in the presence of bromides or iodides. 

B. BROMINE 

352. How Bromine Is Found. Several bromides are 
found in nature; the most abundant are the bromides of 
sodium and magnesium. The chief source of bromine is the 
“mother liquor" left after the sodium chloride has been ex- 
tracted from the brine of salt wells. Bromides are found in the 
deposits of the salts of the alkali metals at Stassfurt, Ger- 
many. The United States and Germany are the only coun- 
tries where any considerable quantities of bromine are found. 

363. How Bromine Is Prepared. It is possible to prepare 
hydrogen bromide by the action of sulfuric acid on a bromide, 
and then oxidize the hydrogen bromide with manganese 
dioxide. The equation, 

2KBr-HMn02+2H2S04-->K2S04+MnS04+2H20+B T , 

shows that the method of preparation is exactly analogous 
to that of preparing chlorine. Commercially, bromine is pre- 
pared either by electrolysis of a bromide, or by decomposing 
magnesium bromide with chlorine: 

lVIgBr2 “f" Gh MgCh Hh Br2 t • 
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The salt wells of Ohio, Michigan, and West Virginia are 
the chief sources of supply in the United States. 

354. Physical Properties. Bromine is a dark-red liquid 
about three times as dense as water. Bromine and mercury 
are the only elements that are liquid at the ordinary tempera- 
ture. Bromine is quite volatile. Its vapor has a very dis- 
agreeable odor, and it irritates the eyes and throat. The 
name comes from the Greek word bromos, which means 
“stench.” Great care must be used in handling bromine"^ 
for it burns the flesh frightfully. Few liquids are as corrosive’ 
Bromine is moderately soluble in water, forming a reddish- 
brown solution which is used in the laboratory under the 
name bromine water. 

366. Chemical Behavior. Bromine resembles chlorine in 
its chemical properties, but it is less energetic. With hy- 
drogen, it unites, slowly to form hydrogen bromide. It com- 
bines directly with many metals to form bromides. It is a 
bleaching agent when moist. Its water solution is a good 
oxidizing agent. In sunlight, such a water solution forms 
hydrobromic acid and liberates oxygen. 

366. Uses of Bromine. In the manufacture of certain 
dye-stuffs, bromine finds some use. It was used during the 
World War for making tear gases. Bromine finds use in 
the manufacture of bromides. 

367. The Bromides. The brcmides of sodium and potas- 
sium are used in medicine as a sedative to quiet the nerves. 
They should not be used except when prescribed by a 
physician. Silver bromide is a yellowish solid that finds ex- 
tensive use as the sensitive salt for photographic plates It is 
decomposed by light in the presence of a reducing agent 
Ethylene bromide, C 2 H 4 Br 2 , is used with tetra-ethyl lead in 
making ‘anti-knock” gasoline. This application has enor- 
mously increased the demand for bromine. Practically all 
the ‘tear gases” used during the World War to temporarily 
blind the enemy were either bromides or bromine com- 




of Dow Chemical Co. 

General view of plant for making bromine from sea water. 

The sea contains enormous quantities of mineral matter, 
but it is in such small concentration that it is very diflSicult 
to extract such minerals at a profit. Chemists have dreamed 
of getting gold from sea water. If tetra-ethyl lead is used 
in gasoline, ethylene di-bromide must be used with it to 
make it more efficient. Hence the demand for bromine has 
increased some 450% within the last few years. After sam- 
pling the sea w^ater along the Atlantic coast for bromine, 
the Dow Chemical Company built a plant for taking 
70 parts of bromine from 1,000,000 parts of water, 
plant, which was built in 1933, is capable of extracting 
15,000 pounds of bromine daily from the 58,000 gallons of 
sea water which are pumped per minute through the ex- 
traction plant. 
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Courtesy of Dow Chemical C 

The sea water is carried through the half-round conduit in 
front to the extraction plant in the rear. 


Courtesy of Westinghouse Lamp Co. 

The flashlight bulb is filled with aluminum foil and oxygen. The 
large surface area permits almost instantaneous oxidation when the 
toil IS igmted by the filament. 
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pounds. Xylyl bromide, when present to the extent of only 
two or three parts per million of air, causes a copious flow of 
tears. Brom-acetone was also used as a lachrymator. Tear 
bombs are used by the police to quell riots or to drive bar- 
ricaded criminals out into the open. 

358. How to Test for Bromides. Bromine is very soluble 
in carbon disulfide, and it colors the liquid an orange-red. 
When chlorine water is added to a water solution of a bro- 
mide, the chlorine will displace the bromine. For example, 

2KBr + CI 2 2KC1 + Brs t • 

These facts are utilized in testing for bromides in solution. 
To the unknown solution chlorine water and about 1 c.c. 
of carbon disulfide are added. The mixture is thoroughly 
shaken. The chlorine displaces any bromine that may have 
been present as a bromide, and the bromine, being much 
more soluble in carbon disulfide than in water, dissolves 
largely in the carbon disulfide. The carbon disulfide does 
not mix with the water, but it settles to the bottom. If a 
bromide is present, the carbon disulfide will appear as an 
orange-red globule. 

359. Hydrogen Bromide. Some hydrogen bromide, which 
is analogous to hydrogen chloride, is prepared when a bromide 
is treated with sulfuric acid. But it is more unstable than 
hydrogen chloride, and part of it is decomposed by the heat 
of the reaction. The hydrogen that is formed by such de- 
composition reduces some of the sulfuric acid; hence this 
method of preparing hydrogen bromide yields a product 
contaminated with sulfur dioxide and free bromine. 

Phosphorus tri-bromide hydrolyzes in water solution as 
represented by the equation, 

PBrs + 3HOH H 3 PO 3 + 3HBr t . 

This method of preparing hydrogen bromide gives an un- 
contaminated product. The gas is dissolved in water to 
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form hydrobromic acid. The solution has all the properties 
of a strong acid. ' , 

E. IODINE 

360. Where Iodine Is Found. The element iodine was 

discovered by Courtois, a French chemist, who noticed the 
purplish vapor of iodine that he obtained while investigating 
the ashes from seaweeds. For some time nearly all the 
iodine of commerce was extracted from seaweeds that were 
washed ashore along the coasts of France, Scotland, and 
other European countries. The chief source of iodine at 
present is Chile, where it is found as sodium iodate, NalOs, 
in the nitrate deposits. , 

361. How Iodine Is Prepared. The method of pre- 
paring iodine is analogous to that for preparing chlorine 
and bromine. Some iodide is heated with manganese dioxide 
and sulfuric acid. The equation follows: 

2ia+Mn02+2H2S04--^K2S04+MnS04+2H20 + l2 T . 

The iodine is driven off as a vapor, which may be condensed 
as a solid on the walls of a cold dish or beaker. 

362. Physical Properties. Iodine is a steel-gray, crystal- 
line solid. When heated, it sublimes^ or vaporizes without 
melting. Its vapor is a beautiful violet color, but its odor is 
irritating and it resembles that of chlorine to some extent. 
Iodine is only slightly soluble in water. It dissolves readily 
in alcohol, forming the tincture of iodine, A solution of 
iodine in carbon disulfide has a beautiful purple color. While 
iodine is scarcely soluble in water, it .will dissolve readity in 
a water solution of potassium iodide. 

363. Chemical Behavior of Iodine. Iodine is active 
chemically, though less so than either chlorine or bromine. 
It combines with many metals to form iodides. It combines 
*with some non-metals. If a crystal of iodine is placed on a 
piece of white phosphorus, they unite with the evolution of 
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light and heat. Either chlorine or bromine will displace iodine 
from solutions of iodides. Free iodine colors starch paste 
blue. This color change serves as a test for free iodine; or if 
we have given an iodine solution, it serves as a test for starch. 

364. Uses of Iodine. Iodine is used in medicine, in 
photography, and for making dye-stuffs. The tincture of 
iodine contains 7% of iodine dissolved in alcohol, or in a 
solution of potassium iodide. It is used as a counter-irritant 
to reduce swellings. If a bottle of tincture of iodine is left 
unstoppered, the solvent will evaporate, and the tincture will 
become strong enough to blister the skin. Such blistering 
may result from covering the part that has been painted with 
the tincture, or from a second application. Iodine is poison- 
ous if taken internally. Starch paste or starchy foods may 
be used as an antidote. Iodine is used as an antiseptic for 
sterilizing wounds or to paint the skin before an incision is 
made during an operation. 

365. Hydrogen Iodide and Metallic Iodides. Very little 
hydrogen iodide is obtained when we try to prepare it by 
treating an iodide with sulfuric acid. Hydrogen iodide is less 
stable even than hydrogen bromide. It decomposes and 
reduces the sulfuric acid; thus any hydrogen iodide that does 
not decompose is contaminated with iodine, and with hy- 
drogen sulfide as a reduction product from the sulfuric acid. 
The pure gas is prepared by the hydrolysis of phosphorus 
tri-iodide : 

PI3 + 3 HOH H3PO3 + SHI T . 

Hydrogen iodide is a colorless gas, which dissolves in water 
and forms hydriodic acid. The solution is a strong acid. 

Several iodides are useful. Silver iodide^ Agl, finds use in 
photography. Potassium iodide^ KI, finds use in medicine. 
Iodine is present in the thyroid gland of the body. Some 
physicians believe that the iodine regulates the growth of this ^ 
gland and prevents the formation of goiter. Hence iodine 
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is added to the water in certain • locaUties where goiter k 
common. The iodine is used in the form of sodium or potas- 
smm^iodide. Some companies are adding this compound 
to table salt to make “iodized” salt. 

F. RELATIVE STABILITIES OF HALOGEN COMPOUNDS 

366. Relative StabiUties. We learned that hydrogen 
and fluorme mil combine with hydrogen in the dark; chlorine 
combines with hydrogen explosively in sunlight; bromine 
unites with hydrogen more slowly; it requires heat energy 
to make hydrogen combine with iodine. The amount of heS 
liberated or absorbed during the formation of one mole of 

each of the halogen compounds is shown in the following 
equations: ® 

H + P -~>HF plus 37,600 calories. 

H + Cl > HCl plus 22,000 calories. 

H + Br->HBr plus 8,400 calories. 

H + I -»HI minus 6,100 calories. 

The ease with which these compounds can be decomposed 
IS in the reverse order to the ease with which the elements 
unite to form the compounds. 

The relative stability of the halogen compounds can also 

halogen to displace 
another. Fluorine can displace any one of the other three 

halogens Chlorine can displace either bromine or iodine 
bee equations; 

2KBr + CI 2 2KC1 + Br,. 

2KI + CI 2 2KC1 + la. 

Bromne can displace iodine from its compound, but it 

SlowL'^'^^ "'“^ The equation 

2KI + Bra — » 2KBr + I 2 . 

exactly what one would expect from the 
thermal equations shown above. We learned that the 
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displacement of bromine by chlorine can be used as a test 
for a soluble bromide, because the bromine colors carbon 
disulfide an orange-red. In a similar manner one can test 
for the presence of an iodide in solution by adding chlorine 
water to the solution and shaking the mixture with several 
drops of carbon disulfide. The iodine which is set free by the 
chlorine colors the carbon disulfide a violet or purple. 

SUMMARY 

Fluorine, chlorine, bromine, and iodine comprise the , halogen 
group. They form some of the important salts used in chemistry. 

Fluorine is isolated by the electrolysis of potassium acid fluoride. 
The other three halogens are prepared by oxidizing their hydrogen 
acids with manganese dioxide. 

The acids of the halogens may be prepared by treating a salt 
of the acid with sulfuric acid. Hydrogen bromide and hydrogen 
iodide are prepared by the hydrolysis of phosphorus tri-bromide 
and phosphorus tri-iodide. 

Fluorine compounds are used for etching glass. Chlorine is 
used for bleaching, disinfecting, making chlorides, and for making 
poison gases and smoke screens. Bromine is used in the dye 
industry, for making medicines, in photography, and for making 
tear gases. Iodine is used medicinally. 

The following table shows comparatively the properties of the 
halogens: 


Properties 

Fluorine 

Chlorine 

Bromine 

Iodine 

Atomic weight 

19 

35.5 

80 

127 

State. 

gas 

gas 1 

liquid 

solid 

Principal valence 

1 

1 

1 

1 

Boiling point . 

- 187° C. 

- 34° C. 

59° C. 

184°, C." 

Activity . 

most 

less 

still less 

least : 

Formula of hydrogen acid 

HP 

HCl 

HBr 

HI . ■ 

Stability of hydrogen acid 
Heat of formation of hy-. 

most 

less 

still less 

least ' 

drogen acid ......... 

Replacement 

37,600 
replaces Cl, 
Br, and I 

22,000 
replaces 
Br and I 

8,400 

replaces 

iodine 

- 6,100„ 
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QUESTIONS 
Group A 

1. Compare the chemical action of chlorine, sulfur dioxide, 
ozone, and hjj'drogen peroxide as bleaching agents. 

2. Balance and complete the following equations: 

(a) Cu + Cl (h) As + Cl (c) Zn + Ci ~> 

3. Why should chlorine water be kept in dark-colored bottles? 

4. Hydrofluoric acid is put on the market in wax bottles, or 
in wax-lined containers. Explain. 

‘ 5. How \vould you test for the presence of a fluoride? Of a 
chlcudde? Of a bromide? Of an iodide? 

6. How would you test for free iodine? For combined iodine? 

7. What precautions must one use with hydrofluoric acid? 

8. Why is it impossible to remove printer’s ink stains with 
chlorine? 

9. What is meant by sublimation? How can it be used to 
purify iodine? 

10. Wliy are the halogens not found free in nature? 

11. Write equations for four methods of preparing copper 
chloride. 

12. Sea-foods, especially oysters, lobsters, etc., are rich in 
iodine. Why are they especially desirable for food? 

13. Is it possible to have combustion without oxygen? If so, 
give an example, and tell what product is formed. 

14. Is it possible to produce a fountain with hydrogen chloride 
similar to the one described under ammonia? 

Group B 

15. Give two reasons why nitric acid is not suitable for use in 
preparing hydrogen chloride. 

16. Why do solutions of hydrogen iodide become dark-colored? 

17. From the source of bromine, what do you infer concerning 
the relative solubilities of chlorides and bromides? 

18. Why do we not get metallic sodium when a solution of 
sodium chloride is electrolyzed? 

19. How w^ould you proceed to frost the inside of an electric 
bulb? How would you mark the degrees on a tliermometer? 
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20. A metal plate is attached to the negative teriiiinai of a 
battery. Upon the plate is a dilute starch paste to which some 
potassium iodide has been added. If one end of a wire is attached 
to the positive terminal of the battery, a blue mark appears when 
the other end is drawn through the paste. Explain. 

21. Af'ter chlorine has been used to bleach cotton, an antichlor 
must be used to destroy the chlorine left in the fiber. Why? 

22. Is it possible for hydrofluoric acid to form acid salts? 
Can any other of the halogen acids form acid salts? Explain. 

23. Write the equation for the burning of turpentine in chlorine. 
What products are formed? 

24. How would you expect a freshly prepared solution of 
chlorine in water to react toward litmus? How would the same 
solution react after standing in sunlight for a few daj^s? 

PROBLEMS 
Gkoxjp a 

1. What weight of bromine can be obtained from 250 gm. of 
magnesium bromide? 

2. How many tons of sodium hydroxide are formed while 
making 60 tons of chlorine by the electrolysis of chloride? 

Group B 

3. How many liters of chlorine at S. T. P. can be prepared 
from 200 gm. of sodium chloride? 

4. How many liters of hydrogen fluoride can be obtained by 
the action of an excess of sulfuric acid on 390 gm. of calcium 
fluoride at 20® Centigrade and 750 mm. pressure? 

SUPPLEMENTARY PROJECTS 

Prepare a report on one of the following topics: 

1. The work of Moissan in preparing fluorine. 

Reference: Encyclopedia Britannica. 

2. The work of Scheele. 

Reference: Encyclopedia Britannica. 

3. Poison gases in the World War. 

Reference: Lefebure, V., Riddle of the Rhine. The Chemical 
Foundation, Inc. 
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PERIODIC LAW — ATOMIC NUMBERS 

Vocabulary 

Amphoteric. Referring to a compound which may ionize as a base 
in the presence of a strong acid, and as an acid in the presence of 
a strong base. 

Isotopes. Different forms of the same element, differing only in 
their atomic weights. 

A. PERIODIC LAW 

367. How Elements Are Classified. If the student were 
to study each element as an individual, his task would be 
difficult. Hence several attempts to classify elements have 
been made. We have Just studied the halogens as a group 
or family of elements. They are so similar in their chemical 
properties that a knowledge of one of them enables one to 
predict with considerable accuracy the chemical behavior 
of the others. Several other elements may be grouped in a 
similar manner into families. 

The earliest attempts to group elements classified them as 
metals and non-metals^ or base-formers and add-formers. But 
such a classification does not help enough in the study of 
chemistry. Some elements are acid-formers under some 
circumstances, and base-formers when the conditions are 
different. The hydroxides of those elements that ionize as 
an acid under some conditions and as a base under other 
conditions are said to amphoteric. Various attempts 
have been made to find some relationship bet'ween chemical 
properties and atomic weights. 

368. Early Attempts at Classification. / As early as 1817 
Dobereiner noticed that the atomic w^^eight of bromine is an 
arithmetical mean between the atomic weights of chlorine 
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and iodine. (127 + 35.5) 2 = 81.25. The same holds true 

for calcium, strontium, and barium. (40 + 137) 2 — 88.5. 

The atomic weight of strontium is a little less than 88. 
The atomic weight of selenium is practically an arithmetical 
mean between the atomic weights of sulfur and tellurium, 
(32 + 127.5) 2 = 79.75. 

The atomic weight of sele- 
nium is 79.2. Such groups 
of elements are known as 
triads > 

In 1864 Newlands grouped 
all the elements in the order 
of their atomic weights. He 
then divided the elements 
into groups of seven elements 
each. He made such a divi- 
sion, because the eighth ele- 
ment was found to have 
properties similar to the first 
element of the preceding 
group. But he could not 
interest the chemists of his 
day in his law of octaves. 

Finally, the ridicule with 
which he met became so 
great that he stopped his 
work along the line of classi- 
fication. 

Lothar Meyer in Germany and Mendelejeff in Russia each 
worked out a complete system for grouping elements accord- 
ing to their atomic weights. In their systems the first two 
periods have seven elements each. Then there are three long 
periods of seventeen elements eebeh. (See Fig. 216.) 

369. Mendelejefi’s Periodic Law. In this country the 
work of Mendelejeff, in his attempts to classify elements, is 
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generally considered the most successful. He believed that 
the chemical properties of elements are functions of their 
atomic weights. 

Omitting hydrogen, suppose we arrange the elements in the 
order of their atomic weights, and examine the first eight. 

Vocal C N O F 

Amphoteric. Referring to a cor 12 14 16 ig 
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weak acidrlorming element; phosphorus j 
in its chemical properties; sulfur is like o 
and chlorine is very active like fluorine. 
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like calcium in its chemical behavior. The atomic number 
of each element is given in this table. 

371. Value of the Periodic Law. 1. It simplifies chem- 
istry. We have already seen that the grouping of elements 
into families makes the study of the properties and behavior 
of elements less difficult to grasp and retain. 

2. It serves as a check on atomic-weight determinations. 
When the periodic table was first prepared several of the 
elements were not properly placed. The suggestion that 
this might be due to errors in the atomic-weight determina- 
tions seemed plausible. More accurate methods were used, 
giving new values for certain atomic weights. Upon the 
substitution of these new values, many elements then fitted 
into their proper places in the table. 

Z. In the prediction of new elements. There were several 
gaps in the table, which led Mendelejeff to predict the 
existence of undiscovered elements, having properties and 
atomic weights that make them fit into these gaps. In 
fact, within a few years immediately foUowing the announce- 
ment of Mendelejeff’s law several elements were discovered 
whose properties and atomic weights are very nearly in 
accord mth what he had predicted. The remarkable agree- 
inent between the predicted properties of ekaniluminum and 

the actual properties of gallium are shown in the following 
table: 



Predicted 

Discovered 

Atomic weight, . . 

Melting point 

Specific weight . . . 

Formula of oxide . 

Action of air . 

About 69 
' Low 

5.9 

X 2 O 3 
’ None 

69.7 

30.2° 

5.95 

Ga 205 

Slight, even at red heat 


Since t^ element was discovered in France, it was named 
ga lum. Meudelej eff also predicted the properties of eiba-boron 
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B. ATOMIC NUMBERS 

373. How Atomic Numbers Are Determined. In Sec- 
tion 135 we learned that Moseley was able to determine the 
atomic numbers of the elements. The X-rays are ether waves 
that have a high frequency and a short wave length. Moseley 
discovered that the length of these X-ray waves depends 
upon the kind of metal that is used as a target, or anti- 
cathode. He therefore used various metals from aluminum 
to gold as targets for the cathode rays, and found that the 
X-ray waves become shorter as the number of excess protons 
in the nucleus of the element increases. Hence the atomic 
number increases as the length of the waves of the X-rays, 
when affected by the properties of the element used as a 
target, decreases. (See Fig. 217,) Moseley found that be- 


(scandium) and eka^dlicon (germanium) with practically 
equal accuracy. Other elements, more recently discovered, 
have fouiid places in the table. The table now seems com- 
plete, but there is no place in it for the rare earths. 

372. The Periodic Law Is Not Perfect. A careful ex- 
amination of the periodic table shows several discrepancies. 
( 1 ) There is no place for hydrogen in the table. (2) There 
were several blank spaces in the table, but these have been 
gradually filled as new elements have been discovered. (3) If 
the elements are arranged in the order of their atomic 
weights, the positions of potassium and argon must be 
changed. But it would be ridiculous to put potassium in a 
group with the rare, inactive gases, or to place argon with 
the active metals of Group 1. Iodine and tellurium are two 
other elements whose order must be changed to make them 
fit into the table properly. (4) The valence indicated by the 
use of the table is not the only valence, and it is not always 
the most common valence. For example, copper, shown in 
Group 1, more often has a valence of 2 than it has of 1. A 
table based on atomic numbers is more accurate. 
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tween certain successive pairs of elements the variation in the 
length' of the X-ray waves was twice as great. He concluded 
that in such cases an element was missing from the table; 
several have since been discovered to fill the gaps indicated 
by such double variation in the wave length. Moseley num- 
bered the elements from 1 to 92 as shown on page 433. By 
use of such a method, Hopkins discovered the element il- 
lirmmi, 

374. New Periodic Law. When the elements are arranged 
in the order of their atomic numbers, the discrepancies 


Metal 


Cathode- 


-Anode 


Stream of 
Electrons ' 


Fig. 217. — X-ray tube. 

noted in the periodic table disappear. The atomic number 
of argon is 18, and that of potassium is 19. In the light of 
atomic numbers, the periodic law may be modified as 
follows: The chemical properties of elements are periodic 
functions of their atomic numbers. In other words, the 
chemical properties of elements recur after certain mtervals, 
when the elements are arranged in the order of their atomic 
numbers, 

C. ISOTOPES 

★ 375. What Are Isotopes? From w^hat we have learned 
concerning the structure of atoms, vre W'ould expect that the 
atomic weights of all atoms would be whole numbers. They 
are all made up of protons and electrons. The proton has 
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essentially the same weight as the hydrogen atom, and the 
weight of the electron is so small that it is practically negligh 
ble. A few years ago J. J. Thomson and T. W. Aston showed 
that some elements are really mixtures of atoms that have 
the same properties, but different whole number atomic 
weights. Chlorine, for example, whose atomic weight is 
given as 35.46, is a mixture of chlorine atoms that have an 
atomic weight of 35 with other chlorine atoms that have an 
atomic weight of 37. Different forms of the same eleinent, 
which differ only in 
the weights of their 
atoms, are known 
as isotopes. The 
atomic weight of an 
element is therefore 
the average of the 
atomic weights of 
its isotopes. 

The properties of 
the different iso- 
topes are the same, because there are always the same 
number of planetary electrons. The difference in the 
weights is due entirely to the difference in their nuclei. 
Figure 218 shows two isotopes of lithium, in which the nuclei 
have 6 and 7 protons, respectively. But there are 3 elec- 
trons in the nucleus in one case, and 4 in the other. Hence, 
the number of excess protons in the nuclei of both isotopes 
is exactly the same, and the atomic numbers are the same. 
Several elements are known that have several isotopes. 

SUMMARY 

Elements are grouped as metals and non^-metals; they are also 
classed as acid-forming elements and base-formmg elements. 

Mendelejeff arranged the elements in the order of their atomic 


Wf.^ 6 Z//Afum^Af. Wf.Ai 



Fig. 218 . — The isotopes have the same chemi- 
cal properties but different atomic weights. 
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weights. He then formulated the law that the properties of elements 
are periodic f unctions of their atomic weights. 

The periodic law is of value: (1) in classifying elements and 
thus simplifying the study of chemistry; (2) it serves as a check 
upon the accuracy of atomic-weight determinations; (3) it in- 
dicated the presence of undiscovered elements in the earth^s crust 
and on several occasions accurate predictions were made concern- 
ing the properties and atomic weights of elements even before 
their discovery. 

Moseley found that he could use the X-ray to determine the 
atomic number of an element. An increase in the number of 
excess protons in the nucleus of a metal, used as the target in an 
X-ray tube, decreases the wave length of the X-rays it produces. 
The chemical behavior of an element seems to bear a definite re- 
lation to its atomic number. 

Different forms of the same element, which differ only in their 
atomic weights, are called isotopes. Some elements are made up 
of two or more isotopes. The atomic number used by chemists 
is the average of the atomic weights of its isotopes. 

QUESTIONS 
Group A 

1. Write the formulas for the oxide, hydroxide, sulfate, and 
carbonate of strontium. 

2. Aluminum hydroxide is insoluble in water. What do you 
infer concerning the solubility of the hydroxide of scandium? 

3. What properties would you expect caesium to have? 

4. How can the periodic table be used in the study of chemistry? 

5. From the periodic table, pick out several elements that you 
would expect to form strong bases. 

6. From the periodic table, pick out several elements that 
should be strong acid-formers. 

Group B 

7. It has been reported that a chemist succeeded in building 
up an element whose atomic number is 93. If true, what prop- 
erties would you expect the element to have? 
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8, Look over the list of atomic weights and name several 
elements that you would expect to be isotopes. 

9. Why is the periodic table based on atomic numbers more 
valuable than a table based on atomic weights? 

SUPPLEMENTARY PROJECT 

Prepare a report on the following topic: 

1. KendalFs ‘^apartment house conception of the grouping 
of elements. 

Reference: Kendall, James, At Home Among the Atoms. 
D. Appleton-Century Co. 
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Vocabulary 

Alloy. A solid solution of one or more metals in another metal. 

Mordant. A chemical used to fix the dye in a fabric and make it favSt. 

Fusible, Easily melted. 

Taxidermist. One who prepares mounted specimens of birds or 
animals. 

Photo-niicrograph. A photograph taken with a camera that has a 
microscopic attachment. 

Non-friction. Referring to alloys that have little friction, or offer 
little resistance to the sliding of a metal over them. 

Translucent. Letting light shine through, but not clear enough to 
enable objects to be seen through it. 

376. The Nitrogen Family. In Chapter 25 we studied 
the halogens as a family of elements. From the periodic 
table, we learn that there are several groups of elements 
whose members have family resemblances. NitToge7i is the 
most important element in the nitrogen family. If the 
student keeps in mind the chemical behavior of nitrogen, 
which we have already studied, he will have less trouble 
during the study of the other elements of this family, viz. : 
phosphoniSy arsenic^ antimony^ and bismuth. Nitric acid is 
a strong acid, but the acid-forming properties of the elements 
of this family decrease as the atomic weights increase, or 
from nitrogen to bismuth. Nitrogen forms one of the 
strongest acids known. Phosphoric acid is much weaker; 
antimony and bismuth may act as base-formers. The valen ce 
of this family of elements is either 3 or 5, although nitrogen 
may also be 1, 2, or 4. 
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A. PHOSPHORUS 

377. Where Pliospliorus Is Found. Pho^horiis is too 
active an element to be found free in nature. The most 
important, compound that contains this element is rock 
phosphate^ or calcium phosphate, Ca 3 (P 04 ) 2 . The bones and 
teeth of vertebrate animals contain calcium phosphate. 
Extensive areas of rock phosphate are found in Florida, 
Tennessee, and South Carolina. These beds furnish the 
phosphate needed for fertilizing soils that are deficient in 
phosphates. All plants must have phosphorus for their de- 
velopment. It is also present in our nerve, brain, and muscle 
tissues. Enormous deposits of rock phosphate have been 
disco A^ered in the Northern Rockies near YelloAvstone Park, 
but the industry is still undeveloped in that area. Rock 
phosphate deposits are probably accumulations from the 
bones of pre-historic animals. 

tIt 378. How Phosphorus Is Prepared. In 1669 Brand 
discovered phosphorus while he was distilling urine in an 
attempt to find “the philosopher's stone.” It was isolated 
by Scheele in 1771. Today it is made by heating calcium 
phosphate "with a mixture of sand and coke in an electric 
furnace. Into a furnace of the type shown in Fig. 219, the 
mixture is fed by a worm conveyor. The resistance between 
the two electrodes near the bottom of the furnace is so great 
that much of the electrical energy is transformed into heat 
energy. At the high temperature produced, a reaction 
represented by the following equation occurs: 

Ca 3 (P 04)2 + 3Si02 + 5C-^ SCaSiOg + 2P + 5CO t ^ 

The calcium silicate forms a slag which is drawn off from 
the bottom of the furnace. The phosphorus and carbon 
monoxide pass out of the furnace, and the phosphorus is 
cooled by water and cast into sticks. 

379. Properties, Phosphorus exists in two important 
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allotropic forms: white or yellow phosphorus, and red 
phosphorus. 

1. White phosphorus. When freshly prepared, phos- 
phorus is nearly colorless, or a pale straw color. Since it is 
usually a pale lemon color it is often known as yellow phos- 
phorus. White phosphorus is a waxy, translucent solid, 


Fig. 219. — Electric furnace for making phosphorus. 

nearly twice as dense as water. It melts at 44® C., but since 
its kindling temperature is only 35® C., it must be melted 
under water to prevent combustion. 

White phosphorus must 7iever he handled with the fingers^ 
since burning phosphorus produces poisoned wounds that 
require a long time to heal. It is very poisonous if taken 
internally, a small fraction of a gram being a fatal dose. White 


phosphorus is soft enough to be easily cut with a knife, but 
it must always be cut under water to prevent the heat from the 
friction of the knife from kindling it. Phosphorus is in- 
soluble in water, but white phosphorus dissolves readily in 
carbon disulfide and in oils. 

Phosphorus oxidizes readily when exposed to the air, 
giving off dense white fumes of phosphorus pentoxide, P2O5. 
If this oxidation occurs in a dark room a faint glow or 
phorescence can be seen. To prevent oxidation, phosphorus 
is always kept under water. In oxygen, phosphorus burns 
with dazzling brilliancy. Heated to a temperature of 250® C. 
without access to air, or upon exposure to sunlight, it changes 
to red phosphorus. 

2. Red phosphorus. This form of phosphorus is a dark 
red powder. It is slightly more than twice as dense as water. 
It is insoluble in water or in carbon disulfide. 

Red phosphorus is not poisonous; it does not take fire 
when exposed to the air; its kindling temperature is about 
250® C., phosphorus pentoxide being formed as it burns. 
When heated without access to air to a temperature of about 
290® C., it sublimes and forms yellow phosphorus upon 
condensation. 

380. Uses. Some phosphorus is used as a poison for 
rats, mice, and other vermin. Great care must be taken to 
see that food is not contaminated by such poisons. Small 
quantities of phosphorus find use in making special alloys 
with copper and tin. Phosphor bronze is not corroded by 
water, or by sea water. 

During the World War, phosphorus was used in explosive 
shells and hand grenades that were designed for incendiary 
purposes. Incendiary bullets were effective in igniting the 
hydrogen in the gas bags of zeppelins, thus destroying them 
or bringing them down. Tracer bullets also contained phos- 
phorus. The path they take is marked by the burning 
phosphorus, and a faulty aim may be corrected. The dense, 
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white clouds formed by burning phosphorus formed most 
effective smoke screens. But the bulk of the phosphorus 
finds use in making matches or in the manufacture of fertilizer, 

381. The Match Industry. Two types of matches are in 
common use: ( 1 ) The “friction ’’ match, which can be ignited 
by rubbing on any rough surface; and ( 2 ) the “safety^' 
match, which is ignited by Tubbing on a prepared surface, 

L The ‘‘friction” match. The early friction matches pon- 
tained some phosphorus, and they were so easily kindled 
that many fires resulted from their use. Then, too, small 
children were sometimes poisoned by sucking the heads 
from such matches. The workmen in such match factories 
suffered from a disease which produced a decay of the jaw- 
bones. This disease, which usually attacked the jawbones 
through decayed teeth, was caused by the inhalation of 
phosphorus vapor. In 1913 a law was passed imposing a 
prohibitive tax ( 2 ^ per 100 matches) upon the old phos- 
phorus match. Their use is forbidden in most civilized 
countries. 

The modern friction match has a head composed of two 
parts. The larger portion consists of a paste containing 
glue, a filler, some coloring matter, and some oxidizing agent 
such as potassium chlorate or lead dioxide. By means of 
machinery, the sticks are dipped into this paste. Figures 
220 to 222 show the various steps in the making of matches. 
The smaller portion, or the tip, of the head consists largely 
of phosphorus sesqtiisulfide, B 4 S 3 . iThis compound is quite as 
satisfactory as ordinary phosphorus, and it is non-poisonous. 

2 . The “safety” match, Tho head of the ordinary safety 
match contains antimony trisulfide, Sb 2 S 3 , glue, and some 
oxidizing agent. The box is covered with a layer of red 
phosphorus, powdered glass, and glue. Such matches do 
not ignite easily unless they are rubbed on the preparation 
on the box itself. The wood for the match sticks is often 
dipped into a solution of some fireproofing chemical, such as 
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Courtesy The Diamond Match Co, 

Cutting matches and setting them in plates of 
automatic match machines. 


Courtesy The Diamond Match Co. 

Fig. 221. — Dipping the matches into the paste to put on 
the tips. 
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Courtesy The Diamond Match Co, 
Fig. 222. — Drying the matches on a long endless chain. 


supply such deficiency, phosphates obtained from guano^ 
fish scrapj ground bonCj or rock phosphate may be added. 
But rock phosphate is insoluble in water, and slowly soluble 
in soil acids, so it should be made into a soluble form to make 
it available for plant use. Mineral matter dissolved in soil 
water can be taken in through the root-hairs of plants. 
Hence, rock phosphate, Ca3(P04)2, is treated with enough 
sulfuric acid to form calcium acid phosphate, Ca(H2P04)2? 
which is soluble in water. The equation follows: 

Ca3(P04)2 + 2H2S04~>2CaS04 + Ca(H2P04)2. 


ammonium phosphate. This prevents after-glow, and lessens 
the danger from fires due to careless handling of matches. 

382 . How Phosphate Rock Is Made Useful for Fertilizers. 
Plants and animals both need phosphorus. Plants get their 
phosphorus from the soils, but animals obtain theirs from 
plants. Most soils contain some phosphorus compounds, 
but by continual cropping, they may become deficient. To 
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This form of calcium acid phosphate and calcium sulfate is 
often called super-phosphate of lime. The calcium sulfate, 
which has some value as a fertilizer, is not separated from 
the calcium acid phosphate. 

As a rule, not enough sulfuric acid is added to the rock 
phosphate to convert all the tri-calcium phosphate into the 
calcium acid phosphate. Then when the fertilizer stands in 
the bags, the two compounds slowly interact to form reverted 
calcium p/iosptoe, Ca 2 (HP 04 ) 2 . This compound is insoluble 
in water, but it dissolves slowly in water containing soil 
acids or carbon dioxide. Hence it has little value for im- 
mediate use as a fertilizer, but it is of value for the future. 
The equation follows: 

Ca3(P04)2 + Ca(H2P04)2-->2Ca2(HP04)2. 

The analysis printed on fertilizer bags often means little 
to the farmer. The following terms are used and per cents 
given: total phosphoric acid; soluble phosphoric acid; in- 
soluble phosphoric acid; and reverted phosphoric acid. As a 
matter of fact, the fertilizer does not contain phosphoric 
acid as such, but there are phosphates of different kinds 
which would yield the per cent of phosphoric acid specified, 
if they were converted into phosphoric acid. For example, 
there may be enough of all the phosphates to be equivalent 
to 20% total phosphoric acid- There may be enough cal- 
cium acid phosphate to be equivalent to 16% of soluble 
phosphoric acid. There may be some tri-calcium phosphate 
and some reverted calcium phosphate. 

★ 383- The Oxides of Phosphorus. Two oxides of phos- 
phorus are known: Phosphorus pentoxide, P 2 O 5 , is a white 
solid formed when phosphorus burns in air or oxygen. It is 
the anhydride of phosphoric acid, H3PO4. Its great affinity 
for water makes it useful for drying gases. Phosphorus tri- 
oxide^ P2O3, is formed when phosphorus burns in a limited sup- 
ply of air. It is the anhydride of phosphorous acid, H3PO3. 
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★ 384 . The Acids of Phosphorus. Of several acids of phos- 
plioriis, ortho-phosphoric acid, H3PO4, is the most important. 
It may be prepared from its anhydride, but it is usually 
prepared by treating calcium phosphate with sulfuric acid. 

Ca3(P04)2 + 3H2SO4 3 CaS 04 + 2H3PO4. 

Phosphorous acid, H3PO3, pyrophosphoric acid, H4P2O7, 
meiaphosphoric acid, HPO3, and hypophosphorous acid, H3PO2, 
are best known through the usefulness of some of their salts. 

★ 385 . The Saits of the Acids of Phosphorus. Phosphoric 
acid is a tri-basic acid, and it can form three classes of salts. 
To illustrate, tri-sodium phosphate has the formula NasPO^; 
di-sodium phosphate has the formula Na2HP04; and mono- 
sodium phosphate has the formula NaH2P04. These salts 
show that phosphoric acid may yield the following ions: 
P04^, HP04“, and H2PO4"”. Certain phosphates and hypo- 
phosphites are used in medicine. Ammonium phosphate is 
used for fire-proofing. Tri-sodium phosphate is used as a 
water softener, and in washing powders. Mono-calcium 
phosphate finds use in making baking powder. 

B. ARSENIC 

386 . How Arsenic Occurs in Nature. Some arsenic is found 
uncombined in nature. It is found in many sulfide ores, and 
as an impurity associated with the ores of other metals, such 
as copper and iron. 

387 . Preparation and Properties of Arsenic. In smelting 
such ores as copper, the arsenic is converted into an oxide, 
AS2O3. This oxide is volatile and may escape into the air 
and settle on foliage and grass. Cattle and sheep have been 
poisoned in this manner. This compound, which at one 
time was considered a nuisance and caused many damage 
suits, is now precipitated in the stacks of the smelters and 
converted into a valuable insecticide. 

Metallic arsenic is a brittle gray solid with a metallic 



Fig. 223. — Using an airplane to spray cotton fields with calcium arsenate. 


lead in making shot, it makes the shot harder and more 
nearly spherical. The tri'^oxide, AS2G3, finds use in making 
other compounds of arsenic, in the manufacture of glass, and 
as a preservative of the skins used by taxidermists for mount- 
ing, Several medicines contain small quantities of arsenic. 
Some of the compounds of arsenic form beautiful pigments, 
but they are so volatile that they are very dangerous. 

Arsenic is used very extensively in making insecticides. 
Paris green, a compound of arsenic and copper, is an 


USES OF ARSENIC AND ITS COMPOUNDS; 449 


luster. Chemically it may act like a metal and form oxides 
and chlorides, but it more often acts as a non-metal and 
forms acids analogous to those of phosphorus. When heated 
in the air it burns with a blue flame and forms arsenious 
oxide j AS2O3, a volatile compound that has an odor like garlic. 
This oxide is commonly called white arsenic. Arsenic unites 
with nascent hydrogen to form arsine^ AsHs, a compound 
analogous to ammonia. It is extremely poisonous. 

388 . Uses of Arsenic and Its Compounds. Metallic 
arsenic is little used. When a small percentage is added to 
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example. London purple is another example. Enormous 
quantities of lead arsenate, Pb3(As04)2, are used every year 
for spraying fruit trees and shade trees to destroy such 
noxious insects as the caterpillars of the gypsy moth and 
the brown-tail moth, and the larvae 
that attack our fruits. Airplanes are 
used to spray the cotton fields in our 
southern states to keep in check the 
cotton-boll weevil Calcium arsenate, 
Ca3(As04)2, is used for this purpose. 
(See Fig. 223.) 

Arsenic compounds were used during 
the World War to make poison gases 
and '^sneeze gases.’^ Di-'phenyhchlor-^ 
arsine, for example, was embedded in 
the T. N. T. of a high explosive shell. 
(See Fig. 224.) When the explosion 
occurred, small particles of this com- 
pound were scattered in all directions. 
The particles penetrated the gas masks 
and caused violent sneezing. Thus 
they forced the removal of the gas 
masks, and left the men unprotected against more poi- 
sonous gases. 

C. ANTIMONY 

389. How Antimony Occurs in Nature. Antimony occurs 
free in nature. It is also found as stibnite, a sulfide of an- 
timony, Sb2Ss, an ore that is widely distributed. In the 
United States, it is obtained from “ antimonial lead ” ores. 

390. Properties. Antimony is a silver-white element with 
a bright metallic luster; it is fairly dense and very brittle. 
It is less active chemically than arsenic, but when it is 
heated in the air it forms the tri-oxide, Sb203, a white volatile 
solid. Antimony is not affected by hydrochloric acid, but it 
dissolves slowly in aqua regia and forms antimony tri- 
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cMoridej SbCls. Like arsenic, it forms a series of weak 
acids. 

★ The hydroxide of antimony is an excellent example of a 
compound that is amphoteric; in the presence of a strong 
acid it acts as a base. In the presence of a strong base it 
behaves as an acid. The following ionic equations show 
how it ionizes in different ways under different conditions: 
Sb+++ 3(OH)- + 3H+, 3C1~ -> SbCb -f 3HOH. 

3H+, Sb 03 == + 3Na+, SOH" -> NasSbOs + SHOE. 

In the first case, the base-forming antimony forms anti- 
mony tri-chloride. In the second case, antimonious acid 
forms sodium antimonite. Many hydroxides behave in a 
similar manner. 

When we try to dissolve antimony tri-chloride in water, 
hydrolysis first occurs, and then the basic chloride that is 
formed loses water and forms a new type of compound, anti- 
many oxy-chloride^ SbOCl; it is sometimes called the sub- 
chloride. The two equations represent the successive reactions: 
SbCls + 2HOH Sb(OH)2Cl + 2HC1. 

Sb(OH)2Cl SbOCl +HOH. 

In making a solution of antimony tri-chloride in the labo- 
ratory, we add some concentrated hydrochloric acid to the 
water solution. Thus we increase the concentration of the 
hydrogen ion and prevent the hydrolysis. This is an excel- 
lent example of mass action. 

391. Nature of Alloys. By melting together two nr more 
metals a substance called an alloy is often formed. In some 
cases an alloy appears to be merely a mixture of metals; in 
other cases a compound appears to be formed, since the 
proportion is definite. Many of the alloys are solid solutions 
of metals in one another. When such alloys are cooled, 
crystals of one of the metals may separate. Figure 225 shows 
a photo-micrograph of an alloy of antimonial lead. Crystals 
of antimony may be seen embedded in the metallic lead. 
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An alloy may have properties quite unlike those of any 
of its constituents, or in some cases they may be intermediate. 
Usually the melting point of an alloy is lower than the 
average melting point of its constituents, and often it is 
below that of any one of them. 

392. Uses of Antimony. Antimony is used in preparing 
several alloys. Type-metal contains antimony, lead, and 

tin; the antimony is 
especially important 
since it expands 
when it solidifies, and 
the type is thus 
made distinct and 
clear-cut. Antimony 
is also used in the 
non-friction alloys 
such as BabbitVs 
metal f or lead and 
antimony . Britannia 
76 diameters. ■ ° mMal, an alloy much 

used in making table- 
ware, is an alloy of antimony, tin, copper, and often zinc. 
Finely divided antimony, under the name of antimony black j 
is used for coating plaster casts to give them a metallic 
appearance. 

The sulfides of antimony are used as pigments. They also 
find use in vulcanizing rubber. Red rubber contains anti- 
mony tri-sulfide, Tartar emetic is a compound of anti- 

mony that is used as a mordant in the dyeing of cotton 
goods. 

B. BISMUTH 

393. Bismuth. Bismuth is a heavy metal that resembles 
antimony t'o a considerable extent. It has a distinctly red- 
dish hue. It is more metallic than antimony and forms 
bases more readily. 




SUMMARY 


453 


The chief use of bismuth is in the manufacture of the 
fusible alloys. Two common ones, Wood’s metal and Rose’s 
metal, melt at temperatures below that .of boiling water. 
The fusible alloys are used as safety plugs in boilers, as fuses 
in electric wiring, in fire alarms and automatic sprinkling 
devices, and for automatically 
dosing the doors of fireproof safes. 

(See Fig. 226.) 

Bismuth acts as a trivalent ele- 
ment in the formation of most of 
its compounds. It acts in the same 
manner as antimony when its salts 
are treated with water, hydrolysis 
first occurring, and then dehydra- 
tion. Thus the chloride. Bids, 
forms an oxy-chloride, or sub-chlo- 
ride, BiOCl, when treated with 
water. The sub-nitrate is used in 
medicine. When it is mixed with barium sulfate and sus- 
pended in buttermilk, it may be given to patients who are 
to have X-rays taken of the digestive tract. Such a sus- 
pension is moderately opaque to X-rays, and the whole di- 
gestive tract appears darker by contrast than the other parts 
of the body. 

SUMMARY 

The nitrogen family consists of five elements: nitrogen, phos- 
phor tis, arsenic, antimony, a>nd bismuth. The group valence is 
3 or 5,. : 

Phosphorus occurs in nature m calcium phosphate. It is ex- 
tracted by heating the calcium phosphate with sand and coke in 
an electric furnace. 

Of the allotropic forms of phosphorus, the white variety and 
the red are the most common. White phosphorus is active, even 
at room temperature. It burns with a hot flame, forming phos- 
phorus pentoxide. Red phosphorus is inactive at low temperatures. 
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Phosphorus is used in making alloys^ in the match industry, as a 
'poison^ and in fertilisers. To make calcium phosphate available 
for use as a fertilizer, it is treated with sulfuric acid. This gives 
mono-calcium phosphate, which is water soluble. 

Arsenic is used for hardening shot. Its compounds find use in 
medicines, for pigments, and as insecticides. 

Antimony is used in such alloys as: type-metal, Babhitfs metal, 
and Britannia metal. 

Bismuth is used in the manufacture of fusible alloys; its salts 
are used in medicine. 

The following tabular form shows the rather close relationship 
between the elements of the nitrogen family: 



Nitrogen 

Phosphorus 

Arsenic 

Antimony 

Bismuth 

Atomic weights . . , 

14 

31 

75 

120 

209 

Valence. 

3, 5 

In oxides so 

3, 6 

me of the el 

3, 5 

ements have 

3, 5 

a valence of 

3, 5 

1,2, or 4 

Hydrides 

NHa 

PHs 

AsHs 

SbHs 


Oxides 

N 2 O 3 

N 2 O 8 

P 2 O 3 

P 2 O 5 

AsaOs 

AssOs 

1 SbaOa 

Sb205 

BisOa 

BbOs 

Acids 

HNO 2 

HNO 3 

H 3 PO 3 

H 3 PO 4 

H3ASO3 

H3ASO4 

HsSbOs 

H8Sb04 



Very strong 
acids 

! 

Weak acids 

Weak acids 

Very w'eak 
acids 

Basic 


QUESTIONS 
Group A 

1. Why have laws been passed in many countries forbidding 
the use of white phosphorus for making matches? 

2. If a solution of phosphorus in carbon disulfide is poured on 
a piece of filter paper, spontaneous combustion takes place as 
soon as the disulfide evaporates. Explain. 

3. How does the strength of the acids in this family vary with 
the atomic weights? How does it vary with the valence? 

4. Why should the analysis of a fertilizer show the per cent of 
each phosphate present as well as the total amount? 
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5. How do you account for the fact that antimony and bis- 
muth occur free in nature while phosphorus never does? 

6. How should white phosphorus be stored? What pre- 
cautions should be taken in handling white phosphorus? 

7. Explain how fusible alloys are used wdth fire-doors. How 
does a fusible plug protect a steam boiler in an ordinary furnace? 

8. How does a friction match differ from a safety match? 

9. Explain the action of the automatic water sprinkler in ex- 
tinguishing fires. 

10. Why is phosphorus essential to animal life? Where do we 
get our phosphorus? 

11. In what ways are the elements of the nitrogen family 
useful to the farmer? 

Group B 

12. How could you prepare red phosphorus from the white? 
How could you prepare white phosphorus from the red? 

13. Under what circumstances does the hydroxide of antimony 
act as a base? Wlien does it act like an acid? 

14. Why is the use of arsenic as a pigment in wall papers for- 
bidden? 

15. Write the formulas for three calcium phosphates. Write 
the formula for sodium arsenite; for sodium arsenate. 

16. The anti-friction alloys maintain hard smooth surfaces 
when rubbed. Of what value are such metals? 

17. From the electron theory, explain why the elements of the 
nitrogen family have a valence of 3 when they unite with hydrogen, 
but their valence is 5 when they combine with oxygen, 

SUPPLEMENTARY PROJECTS 

Prepare a report on one of the following topics: 

1. Marshes test for arsenic. 

Reference: Richardson, Lbon B., General Chemistry, Henry 
Holt and Co. ; 

2. Anti-friction metals. 

Reference: ‘^Bearing metal, Scientific American Supplement 77, 
242 (1914). 
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THE CARBON-SILICON GROUP 

Vocabulary 

Abrasive. A bard substance used for cutting, grinding, or polishing. 

Infusible. Referring usually to substances that can be melted with 
great difficulty. 

Extruded. Forced out or pushed out. 

Infusoria. An order of one-celled animals. 

Corrugated. Folded or wrinkled into alternate ridges and grooves. 

Polymerization. The union of two or more molecules of a substance 
to form a more complex molecule having a higher molecular weight. 

Plastic. A substance that may be molded, blown, or pressed into 
almost any desired shape. 

394. Introductory. Although there are several elements 
in this family, only two of them are of great importance. 
We have already studied carbon and its oxides. Silicofi, Si, 
is similar in its chemical properties to the element carbon. 
Its oxides and acids are analogous. Both elements have a 
valence of 4. Carbon is sometimes found free or uncom- 
bined in nature, but silicon is never found native. 

A. SILICON AND ITS COMPOUNDS 

396. Where Silicon Is Found. Oxygen is the only ele- 
ment that is found more abundantly than silicon, which forms 
about 25% of the earth^s crust. Few persons have ever seen 
the element itself, however, since it occurs in nature as 
silica^ or silicon dioxide, Si02, The element may be isolated 
by heating sand, or silica, with carbon in an electric furnace. 
Sand, quartz, and a large number of silicate rocks are widely 
distributed in nature. 

396. Silica. This is one of the most useful compounds of 
silicon. It occurs in the following forms: 
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1. Sund is the most coirnnoii form of silica, and it is also 
one of the most useful. Large quantities of sand are used 
every year in the manufacture of glass. In several ways it is 
used as an abrasive. In the manufacture of sandpaper, a 
heavy paper is coated with glue, and sand is then sprinkled 
over the surface. A sand-blast, which is used for polishing 
and cutting very hard surfaces, makes use of a stream of sand 
driven at a high velocity. Scouidng soaps or powders usually 
contain powdered soap, washing soda, and powdered silica, 
the latter substance being ''gritty'' enough to do the scouring 
work. Sand is also used extensively in making mortar and 
concrete, while considerable quantities are used for lining 
7 nolds, into which molten iron is to be poured for making 
castings. It is especially suitable for this purpose since it is 
infusible and quite easily removed from the casting after it 
has solidified. 

2. Sandstone differs from sand only in that the particles 
are held together by a kind of cement. Sandstone is used as 
a building material; it is also sawed into slabs and used for 
sidewalks or for making grindstones. 

3. Quartz is a transparent, crystalline variety of silica. 
Quartz crystals are six-sided prisms surmounted at each end 
by six-sided pyramids, each crystal having 18 faces (see 
plate of crystals). While pure rock crystal is colorless, traces 
of impurities impart to it characteristic colors. For example, 
amethyst, smoky qnartz, rose quartz, Mid milky quartz are all 
well-known varieties of quartz. 

Quartz may be melted and fashioned into tubing, cruci- 
bles, and other laboratory apparatus. (See Fig. 227 . ) Such 
apparatus is not as easily acted upon by acids and alkalis 
as ordinary glassware; it has so low a coefficient of expan- 
sion that it may be heated red hot and then plunged into 
cold water without breaking. Quartz is also drawn into 
very fine threads to be used as suspension fibers in very 
delicate electrical instruments. A new method of fusing 
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quartz was recently developed by E. R. Berry, of the General 
Electric Company. Quartz is melted in a graphite crucible 
in an electric furnace and extruded from the furnace under 
high pressure. (See Fig. 228.) Quartz transmits ultra-violet 


Fig. 227. — Silica ware. 


rays much better than glass does. If it could be made cheap 
enough to be substituted for glass in our windows, one could 
get the beneficial effects of the sun^s rays without going to the 
seashore. 

4. AmoT'phous dlioa includes such common substances as 
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flint, jasper, chalcedony, sard, carnelian, onyx, and agate. 
The last two are made up of bands of different color. Pine 
specimens of crystallized and amorphous silica are used as 
semi-precious gems. 

5. Silica in plants arid animals. Practically all soils contain 
silica. To some extent silica is found in plants, especially in 


Fig. 228. — Electric furnace from which quartz; is extruded. 


the leaves and stems, where it appears to be useful in giving 
rigidity. Considerable silica is present in the ash formed by 
burning leaves and stems. Under certain conditions silica 
may replace the fibers of wood entirely and form petrified 
wood. 
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The bones of vertebrate animals are compossed of calcium 
phosphate j but the skeletons of some one-celled marine 
animals contain silica. These animals belong to the order 
infusona; the diatoms are common examples. Large areas 
of the ocean bottom, as welLas extensive land areas, are 
covered with deposits oi inf usoiial^ or diatomaceoiis earth, 
consisting of the microscopic skeletons of these marine ani- 
mals. Such material may- be used as an adsorbent, as in the 
manufacture of dynamite by the adsorption of nitroglycerine. 
As a silver polish, it is sold under the name of electro-silicon. 
Silica is present in the hair, nails, and horns of animals: ' ' 
397. ' Properties of Silica, Silicon dioxide is a hard: solid; 
it can be fused only, at very high temperatures: It is insolu- 
ble in water, and t^^ ordinary 'acids. Hydrofluoric acid acts' 
upon it as shown by the equation, 

The silicon tetra-fiuoride, that is . formed , is . volatile' 

and escapes into'the air.- The strong alkalis attack silica and 
form silicates. ' ■ Sodium ' carbonate reacts with silica and 
forms sodium silicate. The equation, 

Na 2 C 03 + Si02 — ^ Na 2 Si 03 + CO 2 t ? 

represents one of the reactions that occur in making glass. 

★ 398. Silicic Acids. There are many acids of silicon, but 
they are not important compounds. Many of their salts 
are found in nature. Since silicon has a valence of 4, it is 
possible to have an acid formed that has the formula H 4 Si 04 . 
This acid is called ortho-silicic acid (orthos, straight ^0* H 
this acid is partially dehydrated, as shown by the equation, 

H 4 Si 04 - H 2 O HsSiO^, 

meta-silicic acid is formed. An acid formed by dehydrating, 
or partially dehydrating, another acid in the same series is‘ 
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called a mete acid. Heating meta-silicic acid forms silicon 
dioxide^ 

HoSiOs Si02 + H2O, 

which appears to be the anhydride of silicic acid. It is im- 
possible, ho\¥ever, to hydrate silicon dioxide and form " the 
acid. The silicic acids are all very weak acids. 

399. Silicates. The silicates of sodium and, potassium 
are the only ones that are soluble. Their water solution , is 
known as water, , glass. Sodium ' silicate has the formula 
Na2Si03. It finds use as filler in laundry soaps, for, making 
casts and artificial stone, , as a binder in abrasive wheels ami 
furnace, linings, "for sizing wails,-'for fire-proofing materials, ' 
■and as an adhesive in making wall-boards and corrugated 
paper boards for cartons. .When eggs . are dipped into a 
solution of water glass, the pores of the egg become filled with 
silicates, and bacteria cannot get through to cause decompo- 
sition. Hence winter glass is suitable for preserving eggs. 

Silicates that are found in nature include such well-known 
substances as clay, asbestos, talc or soapstone, feldspar, granite, 
garnets, slate, shale, and pnmice stone. These silicates find 
extensive use in making cement and pottery, and in the 
building industries. The alberene used for laboratory sinks 
and wash tubs is made from talc. Talc is also ground to a 
fine powder and sold as talcum powder. French chalk used 
by tailors has the same composition. 

★ Many of the silicates found in nature contain such radi- 
cals as (SiOa)”-, (Si04)"^ (SisOy)"®, etc. They seem 

to be salts of associated molecules of silicic acid. For ex- 
ample, 2H4Si04 — >H8Si208; or, ■■ 3H4Si04 Hi2Si30i.2- The 

first is called di-silicic acid, and the second is known as tri- 
silicic acid. Such association of molecules is known as 
polymerization. They lose water readily and form radicals 
' of the types given above. Such radicals can combine with 
metallic ions to form mixed silicates of great complexity. 
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For example, (SisOii)-^^ might unite with two trivaleiit 
metallic ions, one bivalent metallic ion, and two univalent 
metallic ions. 

400. Carborundum,’^ SiC. This interesting compound 
may be considered as a carbide of silicon, or as a silicide of 


Fig. 229. — 


Electric furnace for making carborundum. 


Fig. 230. 


— Sectional view of an electric furnace for making 
carborundum. 


It is made by heating sand and coke in an electric 
(See Fig, 229.) Salt is usually added to the mix- 
facilitate fusion, and sawdust to make it more 
(See Fig. 230.) ^^arborundum^’ is a crystalline corn- 


carbon, 
furnace, 
ture to 
porous. 



WHAT IS GLASS? 



Fig. 231. — Crystolon abrasives. 

Although glass is hard and quite brittle when cold, yet it 
softens when heated and becomes so plastic that it can be 
blown, rolled, or pressed into any desired shape. Many of 
its uses depend upon the fact that it is insoluble in water 
and that it is transparent. Chemically ordinary glass is 
made up of the silicates of sodium and calcium. It is often 
spoken of as a mixture of these compounds, but it is probably 
a solid solution of these silicates in each other. Potassium 
may be substituted for the sodium, and lead, barium, 
aluminum, or zinc may take the place of all or part of the 
calcium. 


pound of extreme hardness. It is one of the hardest com- 
pounds made artificially. Hence it is an excellent abrasive. 
It is extensively used for grinding and polishing metals. 

Crystolon is an abrasive that is made in much the same 
manner as ‘^Carborundum.'’ It is made into hones, grinding 
wheels, and polishing cloths. (See Fig. 231.) 


B. GLASS MANUFACTURE 


401. What Is Glass? As early as 4000 b.c., the Egyp- 
tians knew how to make glass, one of our most useful plastics. 



Courtesy of Corning Glass Works 
Fig. 232. Making a large tub from pyrex glass. 

are removed by skimming. Some of the sand unites with the 
limestone as represented by the equation; 

CaCOs + SiCh — ^ CaSiOs + CO 2 T . 

The rest of the sand unites with the sodium carbonate: 
NagCOs + Si02 — ^ Na 2 Si 03 4- CO 2 T . 

2. How glass is worked. In making what is called harid- 
blown glass, a workman introduces into the furnace one end 
of a blowpipe about six feet long and rolls it around until a 
sufficient amount of glass adheres to it. He then blows a large 
bubble in the glass and brings it to the desired shape by 
swinging it, rolling it on a hot plate, or blowing it in a mold 
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(See Fig. 232.) Various tools are used in shaping and finishing 
the, hand-blown products. (See Fig. 233.) 

Bottles may be blown in molds and then finished by the 
use of a special tool to shape the neck and remove the sharp 
edges. (See Fig. 234.) Many of the bottles now used are 
blown in special bottle-making machines. (See Fig. 235.) 


Courtesy of Corning Glass trorA-. 

Fig. 233, — Flaring out the edge in making table glassware. 


In the most modem method of making 'plate glass, the 
product is drawn continuously from the tank. It then passes 
directly through the annealing, grinding, and polishing 
processes. (See Figs. 236 and 237.) 

Not many years ago window glass was hand blown into 
large cylinders which were then cut along one side and 
flattened out. Then larger cylinders were blown by the use 
of compressed air. Now large quantities of window glass 
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are made by drawing the glass vertically in flat sheets. In 
one process the glass is drawn from a slot in a clay form which 

It is then 


the design. 

cut by means of an abra- 
sive wheel and polished 
with rouge, or iron oxide. 

3. Annealing. If glass 
cools quickly, it becomes 
brittle. To make a 
tougher glass, it is an- 
nealed by cooling it 
slowly. This process is 
accomplished by passing 
the glass through a lehr, 
or oven, hot at one end 
and cool at the other, 
in which it is cooled gradually. (See Fig. 238c.) 

403. Kinds of Glass. 1. Soda-lime glass. Ordinary win- 
dow glass is made from washing soda, limestone, and sand. 
Traces of iron in the sand impart to the glass a green color. 
Crown glass, used for lenses, is made by decolorizing such 
glass. 

2. Potassium-lime glass. By using potassium carbonate 
instead of sodium carbonate, one gets a harder glass that 


Courtesy of Corning GUiss Works 

Fig. 234. — Blowing a glass bottle in 
a mold. Bottle shown at right. 



Making glass tubing by hand is gradually being superseded by 
machine methods. Glass is supplied continuously from, the furnace 
to a rotating mandrel from which the glass is pulled by a machine 
some 150 ft. distant. Such a machine can make over 100 miles 
of small tubing per day and cut it up into 4- or 5-ft. lengths. The 
old process shown in this illustration is a fascinating one to watch. 
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Courtesy Corning Glass TFor/cs 

The assembled mold for receiving the glass to make the 200-inch 
disc for the world's largest telescope. The central core wdll produce a 
40-inch hole in the center of the disc to be used in its mounting. To 
insure proper cooling and the removal of blisters, the mold was heated 
before the glass was poured into it. 


This large disc of glass was made at Corning, New York, for use in 
a new telescope for the California Institute of Technology. It is 
200 inches in diameter, more than two feet thick. Its weight is 
20 tons. When cooled and polished, this huge disc should bring 
heavenly bodies to a distance only one-fourth that ever attained before 
by the use of a telescope. 
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Courtesy of O^vens-IUmois Glass Co. 
Fig. 235. — Bottle-blowing machine. 

has a higher melting point. Because it is not so easily af- 

feeted I>y 

off- inimat»- 

turers were forced. 

r ' ’ , , 1 ; // to develop a siniilat ' 

glass without the use 
of potassium. ;;''':.They' 
succeeded in making 
a superior product 
for laboratory use, a glass of low coefficient of expansion. 

3. Pyrex glass is made by fusing silica, borax, and alumi- 


Courtesy of Pittsburgh Plate Glass Co. 

The finished rough glass as it 
leaves the lehr. 
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mm oxide. It is 
hard, not easily 
fused, and it resists 
the action of alkalis. 
It has such a low 
coefficient of expan- 
sion that it is very 
suitable for making 
baking dishes. In 
the laboratory, too, 
there is little loss on 
account of breakage, 
if pyrex glass is used. 

4. Flint glass. 
Lead added to glass 
makes it soft and 
lustrous; it also in- 
creases its index of 
refraction. Hence 
it finds use in mak- 
ing cut glass, in 
lenses for optical 
work, and for crys- 
tals. It is more bril- 
liant than ordinary 
glass, and when 
properly cut, it gives 
an excellent play of 
colors. 

5. Reinforced, glass. 
To strengthen glass, 
a net-w’ork of wire 
may be embedded 
in the glass while it 
is still plastic. Non- 


Gourtesy of Pittsburgh Plate Glass Co. 

Pig. 237. — Grinding and polishing 
plate glass. 


Courtesy of Pittsburgh Plate Glass Co. 

Fig. 238. — Machine for making flat 
window glass. 



The girl in the /fore- 
ground is cutting py- 
roxyiine sheets into the 
size used for the Duplate 
glass. In this room, too, 
the pyroxyline is in- 
spected for defects. It 
must contain, too, only a 
specified amount of mois- 
ture. If it is too dry, it 
is hung in a humidifying 
room. If too moist, it 
goes to the drying room. 


The operator is here 
seen placing the sheet of 
pyroxyline between two 
pieces of polished plate 
glass. The cleaned and 
cemented surfaces of the 
glass are placed next to 
the pyroxyline. Both 
surfaces of the pyroxy- 
line must be thoroughly 
washed before this opera- 
tion, which completes 
the making of the sand- 
wich. 


Here we see the as- 
sembled glass sandwiches 
as they move along a 
travehng belt from the 
assembly room. At the 
right they receive the pre- 
liminary pressing. The 
Duplate is covered with 
rubber, the air is then 
removed and the press 
closed. For four min- 
utes a pressure of 80 lb. 
per sq. in. and a tem- 
perature of 190° F. are 
maintained. 


Courtesy of Pittsburgh Plate Glass Co, 
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shatter glass, whose use in automobile windows and wind- 
shields is now required in some states, is made by cement- 
ing glass to both sides of a transparent sheet of pyralin 
or p 3 n*oxyline. Diiplate and triplex glass are in common use. 
(See the series of 
illustrations shown 
opposite page 468.) 

404. Color in 
Glass. The sand 
from which glass is 
made usually con- 
tains some iron. 

This metal imparts 
to the glass a green 
color. This color is 
rather an advantage 
in fruit jars, and in 
some bottles, but it 
is undesirable for 
window glass or for 
optical glass. It may, 
be neutralized by 
adding a certain 
amount of manga- 
nese. An excess of 
manganese imparts 
to the glass a violet 
or purplish color. . 
clear green color. C' 


Courtesy of Pittsburgh Plate Glass Co. 

Fig. 238a, The glass is handled at top of 
machine by suction discs. Vacuum cups serve 
as fingers. 
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dourimy of Pittsburgh Plate Glass Co, 
Fiq. 238b. — Cutting glass into squares. 


Courtesy of Corning Glass Works 

- Baking dishes of pyrex glass coming 
from the annealing oven. 
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SUMMARY' 

The most important elements in the carbon family are carbon 
and silicon. 

Silica has the formula SiO^; it occurs in nature as sand, sand- 
stone, the several varieties of quartz, and amorphous varieties such 
as flint, jasper, agate, and onyx. Silica is also found in plants 
and some animals. Fused silica finds use in the manufacture of 
laboratory apparatus. 

Several acids of silicon are known. Their salts are called 
silicates. Talc, mica, asbestos, clay, granite, feldspar, and pumice 
stone are important silicates that are found in nature. 

Carborundum ” is a carbide of silicon. It finds extensive use as 
an abrasive. 

Glass is a solid solution of tivo or more silicates. Ordinary glass 
is made of sand, sodium carbonate, and limestone. Potassium 
carbonate is sometimes substituted for the sodium carbonate. 
Compounds of aluminum, boron, or lead may be substituted for 
part or all of the calcium carbonate. 

Crown glass, flint glass, Bohemian glass, and pyrex glass are 
some of the most important kinds of glass. Various metallic 
oxides are added to the melted glass to impart certain colors to it. 

QUESTIONS 
Group A 

1. Summarize the uses of silica, or silicon dioxide. 

2. How do you account for the small seams or ridges seen 
along the sides of cheap bottles? 

3. Glass fruit jars generally have a greenish tint. What 
causes the color? Is it an advantage or a disadvantage? 

4. Would it be to a milk dealer ^s advantage to buy milk 
bottles that have a green tint? Explain. Try the effect. ^ 

5. How does ordinary glass differ from hard glass in its com- 
position? 

6. What are the advantages in the use of pyrex glass? 

7. Why should aqua ammonia never be used for washing cut 
glass? 
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8. What is meant by “non-shatter^^ glass? Why is it being 
used extensively at the present time? 

9. What is meant by water glass? For what purposes is it 
Uvsed?. , 

10. How is frosted glass made? Give two methods. 

Group B 

11. Sodium hydroxide attacks glass and roughens the surface. 
This effect makes it difficult to remove the stoppers from glass- 
stoppered bottles that contain sodium hydroxide. Will sodium 
carbonate solution have the same effect? Explain. 

12. A student in the laboratory melted some sodium carbonate 
in a silica crucible. He was astonished when the bottom dropped 
out of the crucible. Explain what chemical action occurred. 

13. Why is “resistance” glass so important for laboratory use? 

14. Igneous rocks are of volcanic origin. Why is sand the final 
product in their disintegration? 

15. Explain the steps in the manufacture of window glass. 
What is meant by annealing glass, and why is it important? 

16. What is the composition of flint glass? What are its 
properties? 

17. Why does plate glass make better mirrors than ordinary 
blown glass? 

PROBLEMS 

Group A 

1. How many grams of sodium silicate can be made by the 
action of an excess of silica on 400 gm. of sodium carbonate? 

2. How many pounds of hydrofluoric acid are needed to 
interact with 40 lb. of Si02? 

Group B 

3. How many liters of carbon dioxide at 740 mm. and 20"" C. 
will be liberated by the action in Problem 1? 

4. In what proportions should the sand, limestone, and sodium 
carbonate be mixed in making glass, assuming that the final 
product w'ili be made up of equal molar quantities of sodium and 
calcium silicates? 


CHAPTER 29 


COLLOIDAL CONDITION OF MATTER 

Vocabulary 

Micron. A unit of measui'ement equal to 0.001 of a millimeter. 

Sol. A colloidal suspension which resembles in appearance a true 
solution. 

Gel. A colloidal suspension that appears semi-solid, or jelly-like. 

Triturate, To rub or grind to a very fine powder. 

Humus. Partially decomposed organic matter found in fertile soils. 

Gangue. Earthy or rock impurities found mixed with ores. 

Enzyme. An organic substance which acts as a catalyst in produc- 
ing some types of fermentation. 

405. Introductory. The characteristics of true solutions^ 
such as the solutions of salt, sugar, etc., were studied in an 
earlier chapter. We also learned that such substances 
crystallize when the solvent is evaporated. They are known 
as crystalloids. 

Such non-crystalline substances as glue and gelatine appear 
to dissolve in water, but a more careful study shows that they 
do not form true solutions. Starch forms a paste with hot 
water, but it does not really dissolve in the water. When 
the water that was added to glue, gelatine, or starch is ex- 
pelled by evaporation, not one of them crystallizes. Sub- 
stances like starch, glue, gelatine, white of egg, and jelly 
are known as natural colloids, from the Greek word kolla, 
which means “glue.^^ , 

406. Ordinary Suspensions and Colloidal Suspensions. 
If we stir some fine sand with water, we form temporarily a 
suspension. When the agitation is stopped, the sand soon 
settles to the bottom. The finer particles settle slowly. 
The sand may easily be removed by filtration. 

If we add a small quantity of gelatine to water, a colloidal 
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Photo by WettUn 

Fig. 239. — A beam of light is diffused by a dilute suspension of starch 
in the jar at the left. The jar of pure water at the right does not diffuse 
the light. 

but they cannot be seen with a microscope. (See Fig. 239.) 
The following table summarizes the differences between 
ordinary and colloidal suspensions: 


Behavior 

Colloidal 

suspensions 

Ordinary 

suspensions 

Settles upon standing 

No 

Yes:' 

Can be removed by 



filtration 

No 

Yes 

Size of particles 

0.1 ixfx — 100 fjL/Jt 

1^ — 1 mm., or more 


fx, called a micron, equals 0.001 mm. 

IxpLj called a millimicron, equals 0.000,001 mm. 


suspension IB formed. Such a suspension does not settle 
upon standing. The gelatine cannot be removed by filtra- 
tion. This is characteristic of the behavior of colloidal sus- 
pensions. The particles are large enough to diffuse light, 
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407. Colloidal Suspensions and True Solutions. There 
are several ways in which colloids in suspensioB differ from 
true solutions. On the other hand, 
there are some ways in which they 
resemble one another in their behavior. 

In 1861 Graham separated colloids 
from crystalloids by dialysis. He in- 
closed both colloids and crystalloids in 
a parchment bag which he suspended 
in water. (See Fig. 240.) The crystal- 
loids passed through the parchment 
readily by osmosis, but the colloids 
were retained almost entirely. This ^ ^ 

, Fig. 240. — Colloids 

method OI separation indicates that may be separated from 

the particles of solute are much erystailoids by dialysis, 
smaller than the particles in a colloidal suspension. The col- 
loidal particles are probably aggregates of molecules, or very 
large single molecules. In the following table, the behavior 
of colloidal suspensions is compared with or contrasted with 
that of true solutions: 


Behavior 

Colloidal 

suspensions 

True 

solutions 

Size of particles 

Large enough to diffuse ; 
light 

Too small to diffuse 
light 

Settles upon standing , 

No; or slowly | 

- No ■" 

Can be removed by fil- | 
. tration ■ 

No.. 

... No 

Can be seen by aid of 
microscope ........ 

No- ' 

No : 

Pass through a mem- 
brane easily ....... 

. ., No ’ . 

1 "■ Yes,.;;' 

Lower freezing point of 
solvent, or medium . 

Little, or none 

Yes, decidedly 

Raise boiling point of 
solvent, or medium . 

Little, or none 

Yes, decidedly 





Colloids 
j^y in 

^ "-ihrough membrane j 
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408. Nature of Colloids. According to Bancroft, col- 
loid chemistry is the chemistry of grains, drops, bubbles, 
filaments, and films.” The particles may average about 
0.000,001 mm. in diameter. When a colloid is dispersed in a 
liquid, it is often spoken of as a solution. Chemists call such 
solutions sols. Sometimes a hot sol in cooling sets and forms 
a Jellydike mass known as a gel. Glue and gelatine are 
common examples. When a gel is formed, it adsorbs a large 
quantity of water, but the material appears to be solid or 
semi-solid. 

When glue that has formed a gel is warmed with a little 
water, it reverts to the sol phase. Such a colloid is said to be 
reversible. Gelatine, for example, forms the gel phase when 
chilled, but reverts to the sol phase when it is heated. Some 
GoUoids Site irreversible. The white of egg may be converted 
into a gel by heating it, but it cannot be changed back into 
the sol phase. 

As we subdivide an object, its surface area increases. If 
such subdivision is continued until the diameter of the 
particles is only about 0.000,001 mm., the increase in area is 
tremendous. Because the area is so great, colloids are capable 
of adsorbing on their surfaces large quantities of matter. 
The adsorption of gases by charcoal is an example. If an 
acid is added to a water-glass solution, a substance with an 
enormous number of capillary pores is produced. This 
product, which is known as silica gel,” is extensively used 
as a drying agent and to adsorb offensive gases. Colloids 
often take up the liquid in which they are suspended, and 
swell in size enormously. The force of such expansion is 
tremendous. One of the most important properties of colloids 
is that of adsorption. 

Colloidal particles are electrically charged, some of them 
positively, and others negatively. Suppose we have given a 
colloidal suspension whose particles are positively charged. 
If we add to it a suspension that has negatively charged 
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particles, the colloid will be precipitated. Each neutral- 
izies the charge of the other, and larger aggregations are 
formed. ' ■ ' 

409. The Ultramicroscope. The ultramicroscope is ^ the 
invention of Zsigmondy. As we continue to magnify an 
object, the image becomes fainter and fainter, because the 
light is spread out more and more over constantly increasing 
areas. The limit of magnification is reached when the image 
becomes so dark that objects cannot be distinguished clearly. 
In the ultramicroscope, one does not see the object, but he 
sees a beam of light reflected by the object. If a particle 
is big enough to reflect light, it can be seen by the aid of the 
ultramicroscope. 

The particles in a colloidal suspension cannot be detected 
by the use of a microscope, but they are big enough to reflect 
light beams, and the paths such particles take as they 
move about in the suspension can be seen 
by the aid of the ultramicroscope. The 
particles are in rapid izigmg motion. (See 
Fig. 241.) Such motion was first observed 
by a botanist by the name of Robert 
Brown. Hence the phenomenon is known 
as Brownian movement. The colloidal 
particles are driven hither and thither by 
the impact of moving molecules in the 
suspension. This motion doubtless helps 
to prevent the settling of colloids. 

410, How Colloidal Suspensions Are Made, Some sub- 
stances are natural colloids. Gelatine, for example, forms a 
natural colloid with water. Glue and starch are other 
examples. Since the colloidal state appears to depend upon 
the fineness of the particles, many so-called crystalloids may 
become colloidal if they are reduced to the proper degree of 
fineness. Some methods of accomplishing this result follow: 

1. Let us produce under water an electric arc between two 



Fig. 241.— Path 
of colloidal par- 
ticle. 
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gold wires used as terminals. (See: Fig. 242.) A colloidal 
sol of finely divided gold is formed. Such a sol has a pur- 
plish color, and the particles remain suspended more or less 
indefinitely. Similar sols may be made by using for the 
terminals wires made of silver, platinum, or copper. 

2. A sol may be produced by grinding or triturating the 
substance until it forms a fine powder. The strength of con- 
crete seems to depend to a con- 
siderable extent upon the fineness 
of the cement of which it is made. 
There are special mills for grinding 
substances for making colloids. 

3. If we dissolve stannous chlo- 
Fia. 242 . ■— Apparatus for ride, SnCh, in Water, some hy- 

forming colloidal metals. drolysis occurs. The stannous 

hydroxide that is produced foms a colloidal suspension. 
Many colloidal suspensions are formed in a similar manner 
by hydrolysis. 

4. The formation of sols merely by adding the dispersing 
medium has been mentioned. Hot water added to starch in 
making a starch paste is a familiar example. The various 
lacquers are colloidal suspensions of some plastic, such as 
nitro-cellulose or cellulose-acetate, in such solvents as butyl 
alcohol or butyl acetate. Such plastics are true colloids. 

5. If we add 10 c.c. of a molar solution of silver nitrate to 
10 c.c. of a molar solution of potassium bromide, complete 
precipitation of the silver bromide occurs as represented by 
the equation, 

AgNOa + KBr AgBr j -f KNO3. 

If we add a large excess of silver nitrate to a solution of 
potassium bromide, colloidal silver bromide is formed. Prac- 
tical use is made of this fact in making the emulsion for 
photo^aphic films and plates. 

411, How Colloids Can Be Precipitated. Since colloids 
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cannot be separated from the dispersing medium by filtra- 
tion, they make trouble for the chemist in analytical work. 
We have already learned that one colloid may be precipi- 
tated by adding another whose particles are charged with 
electricity of opposite sign. Electricity of high voltage is 
used to precipitate mist and dust. If we add an acid to some 
sweet milk, the protein suspended in the milk is precipitated. 
Many colloids may be precipitated by the addition of a 
dilute acid. Sometimes alkalis are used for a similar purpose. 
In general, electrolytes precipitate colloids. 

The formation of deltas by the Nile and the Mississippi 
Rivers, for example, is an interesting illustration of the 
precipitation of colloids. The particles of silt carried by 
rivers is precipitated when it comes into contact with the 
salt waters of the ocean or the sea. The precipitation of 
such material builds up the deltas. 

412. How the Chemist Stabilizes Colloids. Sometimes 
it is important to prevent the precipitation of colloids. The 
blood stream and the nerve tissues are colloidal. A precipita- 
tion of either one would cause death. Dr. Fischer, of the 
University of iCincinnati, at one time stated that it was his 
opinion that the bad effect of alcohol upon the human body 
is due to its tendency to precipitate colloids. Undoubtedly 
a colloidal suspension remains permanent if the charges on 
the particles can be maintained, because charges of like sign 
repel one another. There are several substances that can 
be added to stabilize a colloidal suspension. Such substances 
are believed to stick to the colloidal particles and prevent 
their adhering to one another. The preparation of aquadag, 
a suspension of graphite in water, has been discussed. Ache- 
son uses tannin to stabilize this suspension. When a phar- 
macist makes an emulsion, he triturates the oil and the 
dispersing medium with gum arahic, or gum tragacantk 
Such 'protective colloids make the emulsion more stable, or 
more permanent. Gelatine added to milk tends to keep it 
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from curdling. When gelatine is added to ice cream, it pre- 
vents crystallization and makes the product much smoother. 
It is especially necessary to have such a protective colloid 
unless the ice cream is stirred constantly while it is being 
frozen. An emulsion of silver bromide is permanent in the 
presence of gelatine; this fact is utilized in making photo- 
graphic films. In electroplating, it has been found that one 
metal does not adhere well to another if it is deposited in the 
form of crystals. Hence, protective colloids are added to 
the electrolyte in many plating baths. 

413. Kinds of Colloids. In discussing colloids, we have 
referred to one type only — the dispersal of a solid in a 
liquid. Smoke and dust are examples of solids that are 
sometimes dispersed in a gaseous medium. The color in 
glass is caused by the dispersion of small particles of one 
solid in another solid. A trace of gold or selenium will color 
a large quantity of glass. Thus we find that it is possible 
to have a solid dispersed in a liquid, in another solid, or in a 
gaseous medium. 

Milk is an example of an emulsion in which droplets of 
liquid are dispersed in another liquid. Many#emulsions are 
sold as medicine. Mayonnaise dressing is also an example of 
an oily liquid dispersed in another liquid. The foam pro- 
duced when root beer or soda water is drawn from a fountain 
is an excellent example of a kind of colloid where a gas, is 
dispersed in a liquid medium. To summarize, we find it 
possible to have solids, liquids, or gases dispersed in a liquid 
medium. 

A fog or a mist is really converse to the colloidal condition 
of foam. Here we have a liquid dispersed in a gaseous me- 
dmm. In the use of leavening agents, we find gases dispersed 
in a solid medium. 

414. Why Colloids Are Important. By this time the 
student must conclude that colloids are all around him, and 
that they are of great importance. We may refer briefly to 




a large number of important applications of colloidal chemis- 
try, and then devote more space to a few particular cases. 
The adhesive properties of glue, mucilage, and varnish 
are due to their colloidal nature. Paint is a pigment or a 
white solid dispersed in an oil medium. The manufacturers 
of paints would pay a large price to someone who can find 
a perfect stabilizer for such a suspension, one that will pre- 
vent the settling of ready-mixed paints in the can. The 
adsorptive properties of cer- 
tain dyes cause them to stick ^ | 

to the fibers of cloth. Hides I 

contain a colloidal substance voltage " • 

that is precipitated by tannin, wire y y 

another colloid, in the making 3 0, 000 [ ^ 

of leather. Such chemicals as V; ^ 1 

the compounds of chromium | ? ^ I 

are sometimes used for the ^ p— ^ 

same purpose. The strength I [“”1 I 

of cement and asphalt, and f 1 Hi 'i \ 
their ability to resist wear are i % 

said to depend upon the ; 

fineness of the particles of ,, M , I 

which they are made. •— — 

In the, laundry,, the Idtchen, , 

and the lavatory, soap is used 243. — Sectional drawing to 

to emulsify the fats and oils show arrangement of the parts of a 
that hold the dirt, and to break 

up the dirt into fine particles. It also serves as a protective 
colloid to keep dirt particles dispersed in the wa»sh water. 

Some soils have all the elements needed for plant growth, 
and yet they are not fertile. They need humus, an organic 
colloid, to keep the fine particles from coalescing. Thus the 
soil can adsorb water which carries the mineral matter to 
the roots of the plants. Salt and alkalis destroy the humus 
and make the soil infertile. 


30 , 000 
vo/fa or 


Gaaea 
wifh 
I dust 


JDusf ^ 
remo ved h ere 


Fig. 243. — Sectional drawing to 
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Plant fitted with Cottrell precipitator. Note mist when 
current is off. 


HOW FIEEFOAM EXTINGUISHES FIRES 4:83 


If we add 15 c.c. of a concentrated solution of calcium 
acetate to 85 c.c. of alcohol, a Jelly-like substance is formed. 
This product is called solid alcohol It is used as ''canned 
heat.” Stearic acid in alcohol produces a similar result. 

In making Jellies, pectin is used with the fruit Juice. Some 
fruits contain sufl&cient pectin to cause fruit Juices to form 
a colloidal gel, but some are so deficient that pectin must be 
added to the Juice, 

415, How Cottrell Solved the Dust and Mist Problem. 
The smelters in certain localities at one time belched out 
from their stacks tons of dust. Such dust was a nuisance, 
causing discomfort to those in the vicinity, and in some 
cases poisoning animals that grazed upon the dust-covered 
vegetation. Some of the dust contains valuable chemicals, 
such as the oxides of arsenic and other metals. Around 
sulfuric acid plants, too, acid mists are decidedly annoying. 

Cottrell, an American chemist, devised a method of pre- 
cipitating acid mist and dust particles. He uses electricity 
of high voltage; sometimes as high as 75,000 volts are used. 
Metal plates are attached to the inner walls of smelter stacks, 
and wires are so suspended that they dangle in the center 
of the flue or stack. When the current is turned on, the dust 
particles become charged with electricity of the same sign 
as that on the suspended wires. They are repelled by the 
wires and attracted to the metal plates upon the walls. 
(See Fig. 243.) Then the material is recovered after pre- 
cipitation. Acid mist is precipitated in a similar manner. 
Figure 244 shows a plant surrounded by mist. Figure 245 
shows how the mist disappears when the current is turned 
on for a Cottrell precipitator. 

416. How Firefoam Extinguishes Fires. Water thrown 
on a fire from burning oils, lacquers, or other light flammable 
liquids sinks to the bottom of the container, and the fire 
continues to burn. [See left-hand side of Fig. 246.) The car- 
bon dioxide extinguisher shown in Fig. 154 is no more effec- 
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Fig. 246 . — Diagram to illustrate the principle of smothering fires 63 
the use of foam. 


Photo by WetUin 

. — Two hundred c.c. of solution fill a liter beaker with foam. 
A little licorice extract is used to make a tough foam. 
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tive, because the carbon dioxide escapes too rapidly. By 
the use of a colloid to retain the carbon dioxide and form a 
foam or froth, such fires can be smothered. (See Fig. 247.) 

In the firefoam type of extinguisher sodium bi-carbonate 
is used to supply the carbon dioxide^ and a solution of aliiin 
or aluminum sulfate is used to interact with the bi-carbonate 
and set free the carbon dioxide. An extract of licorice, or 
some other colloid, is used to prevent the escape of the gas 
and to form a blanket of foam. Such a blanket, which may 
be several inches thick,, shuts off the oxygen supply and 
smothers the fire. (See right-hand side of Fig. 246.) 

Automobile parts and many other articles are now lac- 
quered by immersing them in dipping tanks. The fluid is 
highly flammable. Such tanks are often fitted with firefoam 
extinguishers which operate automatically when a fire starts. 
Figures 248 to 251 show how foam is used to extinguish a 
fire in a tank of burning oil ■ 

■417. How , Colloidal Foam is Used to Concentrate Ores. 
Very few ores are found pure in nature, but they are generally 
mixed with some earthy material, known as gangue. Before 
the metal can be extracted profitably, it is necessary to get 
rid of some of the impurities mixed with the ore, or to con- 
centrate the ore. In the case of copper sulfide, for example, 
it is interesting to find that oil wets, or adheres, to the copper 
sulfide more readily than it does to the earthy impurities in 
the copper sulfide ore. On the other hand, water adheres 
to the earthy impurities more readily than it does to the 
copper sulfide. The impure ore is powdered and stirred into 
a tank of water to which a little oil is added. The oil adheres 
to the copper sulfide. Air is bubbled up through the liquids 
in the tank. Air bubbles are adsorbed by the film of oil on 
the surface of the ore. In fact enough air is adsorbed to 
float the ore, which may be several times as dense as water, 
to the surface of the tank where it is removed. The gangue, 
which is lighter than the ore, but heavier than water, sinks 
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Fig. 248, — Fire from burning oil 


Fig. 249. — One second after foam is applied. 


Fire extinguished completely as foam covers tank. 








HOW COLLOIDS ARE RELATED TO LIFE 


Courtesy of Pyrene Mfg. Co. 

Fig. 251. — A close-up view which shows how the 
tough foam excludes the oxygen. 

to the bottom of the tank. (See Fig. 252.) Thus the ore Is 
separated from the gangue. It is estimated that 60,000,000 
tons of copper ore are concentrated annually by this process. 


Fig. 252. — Froth-flotation tank for concentrating ores. 

Other ores are concentrated by the froth-flotation 'process. 

418. How Colloids Are Related to Life. When a seed 
falls into the ground, it adsorbs water, and swells decidedly. 
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The starch, a natural colloid which was stored in the seed, 
is changed by enzymes into sugar which dissolves, and can 
be readily transported to different parts of the seedling as 
growth occurs. The leaves of the plant then manufacture 
more starch from carbon dioxide and water. This starch 
may be stored as a future food supply, or it may be con- 
verted into cellulose or protein. 

In the animal body, starch, proteins, and most emulsions 
cannot be absorbed into the body directly. They must be 
changed by enzymes, or ferments, which are really catalysts 
used in the digestive process, into smaller particles that can 
be absorbed more rapidly. Then in some mysterious manner 
protoplasm is formed. From the blood stream which carries 
food material in a colloidal state, the various cells in the 
body select the particular kind of food that is needed for 
their development. With few exceptions, the cells are com- 
posed largely of colloidal protoplasm. The blood, the nerve 
tissues, and the muscle cells are examples of colloids in the 
animal body. When a cell is pricked or injured, it adsorbs 
water and swelling results. When a bee stings one, it in- 
troduces a small quantity of acid which disturbs the colloidal 
condition and causes swelling. 

SUMMARY 

The material in ordinary suspensions settles upon standing; 
the colloid does not settle when a colloidal vsuspension stands. 
Matter may be filtered out of an ordinary suspension, but 
colloids cannot be separated from the dispersing medium by 
filtration. 

Colloidal particles are large enough to diffuse light; solute 
particles are not. The former can be detected by the aid of the 
ultramicroscope. Colloidal suspensions have little effect upon 
the freezing point and boiling point of the liquid in which they 
are dispersed. They do not pass through a membrane easily by 
osmosis. The solute in a true solution lowers the freezing point 
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of the solvent and raises its boiling point. It passes through 
membranes by osmosis. 

In such natural colloids as glue, gelatine, and starch, the particles 
are believed to be large molecules. Some substances that are not 
naturally colloidal may be dispersed by the electric arc, by fine 
grinding^ by hydrolysis, or by the use of a large excess of one 
reagent during metathesis. 

Colloids may exist in the sol phase or the gel phase. Some are 
reversible. Adsorption is one of the marked characteristics of 
colloidal suspensions. 

One colloid may be precipitated by adding to it another whose 
particles are charged with electricity of opposite sign. Elec- 
trolytes are often used to precipitate colloids. Heat coagulates 
some colloids. 

Some colloids protect others and retard or prevent their pre- 
cipitation. 

It is possible to have solids dispersed in other solids, in liquids, 
or in gases; liquids may be dispersed in other liquids or in gases; 
gases may be dispersed in liquids, or in solids. 

Colloidal chemistry is of interest to many manufacturers. It 
plays a part in such industries as those of making rubber, varnish, 
paint, celluloid, asphalt, cement, and leather. Protoplasm as 
found in nature is colloidal. 

The Cottrell process is used to precipitate dust, smoke, and mist 
by means of electricity. Firefoam is a gas dispersed in a liquid 
that finds use in extinguishing oil fires. The froth-flotation 
process is used to separate some ores from their impurities. 

QUESTIONS 
Geoxjp a 

1. How would you test a liquid to determine whether it is a 
true solution or a sol? 

2. Of what advantage would a protective colloid be to a 
manufacturer of ready-mixed paints? 

3. Why is the study of colloids of such great practical im- 
portance? 

4. Nitric acid causes white of egg to coagulate. Explain. 
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5 * Does alcohol coagulate protein? What effect would you 
expect strong alcohol to have upon the nervous system? 

6. What is the CottreU process? In what industries is it used? 

7. For what types . of fires is firefoam especially suitable? 
Explain how^ it extinguishes a fire. 

8. How does boneblack decolorize sugar? 

9. Explain the difference between the terms “absorption” 
and adsorption.” 

How would you proceed to separate sugar from gelatine 
in water solution? 

11. Contrast the properties of a true solution with those of a 
colloidal suspension. 

12. Wliat are the differences between an ordinary suspension 
and a colloidal suspension? 

13. How is soap useful as a cleansing agent? 

Group B 

14. Does gelatine in ice cream make it more easily digestible? 
Explain, 

15. Gelatine is sometimes added to cow’s milk that is to be 
given to infants. Why? 

18. Why does the sting of a bee or the bite of an insect cause 
swelling? 

17. Explain the effect of churning or whipping cream for a 
long time. 

18. In the froth-flotation process, explain why the dense ores 
float and the lighter impurities sink. 

19. Upon what properties do the uses of ^'silica gel” and 
“activated charcoal” depend? 

20. India ink contains finely divided particles of carbon sus- 
pended in a liquid that contains some gum arable. What is the 
purpose of the gum arabic? 

21. What does the term “ Brownian movement ” mean? What 
is its cause? 

22. Explain why nearly all the recipes for “frozen desserts” 
to be made in household refrigerators include gelatine. 



CHAPTER 30 

OCCURRENCE AND EXTRACTION OF 
METALS 


Vocabulary 

Sinter. To form a coherent mass or clinker by heating loose material 
with some tarry material as a binder. _ i i 

Autogenous. A type of welding where two pieces of metal are united 
by fusing or melting them together. 

Flux. A substance used in metallurgy to lower the melting point 
or to make the mineral or metal more fluid. 

Tuyere. A nozzle through which an air blast is delivered. 


A. OCCURRENCE OF METALS 

419 . Introductory. We have studied the most important 
of the non-metals, or the acid-formers. With the exception 
of boron, the elements that remain to be studied are metals, 
usually base-formers. It is of interest to inquire how such 
elements occur in nature. There are six or seven ores of 
copper, five or six of iron, and five or six of zinc. To study 
each ore would involve a great deal of pure memory work. 
Hence, an attempt is made in this chapter to so outline the 
general characteristics of metals and their compounds that 
it will be possible for the student to get a general oi 
the occurrence of metals without too much detail, buch a 
plan depends upon a careful study of the oMy of the metals, 
and of the stability and insolubility of their compounds. 

420 . Metals Occurring Free. In Chapter 5 we learned 
that some metals are extremely active, and others very 
inactive. We would hardly expect to find such an active 
metal as sodium occurring uncombined m nature. It woul 
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interact with the oxygen or the carbon dioxide present in 
the air, or with water. But platinum and gold are inactive; 
they do not combine readily with other elements. Such 
metals occur free or uncomhined in nature. Other metals that 
occur free in nature are copper and silver. 

421. Metals That Occur As Oxides. Oxygen is such an 
active non-metal, and it is found so abundantly that we 
would expect to find many oxides of metals occurring in 
nature. Such is the case. The most important ores of iron, 
tin, aluminum, and manganese are oxides. The oxides of 
copper and zinc are also found to some extent. These oxides 
are all insoluble in water, and they are stable compounds. 
On the other hand, we would not expect to find soluble oxides, 
or those which unite chemically with water. In fact, any 
oxides of sodium, potassium, calcium, or barium that are 
exposed to atmospheric conditions soon unite with water to 
form hydroxides, or with carbon dioxide to form carbonates. 

422. Metals That Occur As Sulfides. Like oxygen, sulfur 
is widely distributed in nature, and it is active. The sulfides 
of such heavy metals as iron, copper, zinc, lead, tin, silver, 
nickel, and mercury are found in nature. Some of them 
are the most important ores of the metals. Such sulfides 
are insoluble and they are stable. The sulfides of such light 
metals as sodium, potassium, calcium, and barium hydrolyze 
in water. They are not found in nature. 

423. Metallic Hydroxides in Nature. The hydroxides of 
sodium, potassium, calcium, and barium are all soluble in 
water. They are not found in nature. The hydroxides of 
the heavy metals named in the preceding section are all 
insoluble y but they do not occur in nature because they are 
not very stable. They are Ikely to lose water and form 
the oxide, or to combine with hydrogen sulfide to form an 
insoluble sulfide, or to unite with carbon dioxide to form a 
carbonate. The hydrated oxides of aluminum and iron are 
found in nature, and some basic carbonates occur abundantly. 
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A basic salt is one in which not all of the hydroxyl ions of 
the base have been replaced by negative ions of an acid. 

424. Carbonates in Nature. The carbonates of sodium 
and potassium are soluble in water. They are not found in 
nature. Other carbonates are insoluble. The carbonates as 
a group are fairly stable, and carbon dioxide occurs in the air 
and also dissolved in natural waters. For these reasons, we 
would expect to find carbonates in nature. The carbonate 
of calcium is widely distributed, and it occurs abundantly. 
Other carbonates found in nature include those of barium, 
strontium, zinc, iron, copper, and manganese. 

425. Silicates in Nature. In Section 399 we learned that 
all silicates are insoluble except those of sodium and potas- 
sium. Many silicates are found abundantly in nature. As 
a rule they do not make satisfactory ores, because mixed sili- 
cates are so common. It is difficult to extract the metals 
from complex silicates and to separate them from one an- 
other, if the operating costs are to be kept low. 

426. Metals That Occur As Sulfates. Nearly all the 
compounds just mentioned are insoluble. The sulfates, 
however, are generally soluble. The sulfates of barium and 
lead are insoluble; those of calcium and silver are slightly 
soluble. Just as we might expect, the insoluble sulfates of 
lead, calcium, and barium are found in nature. The soluble 
sulfates do not occur extensively in nature, although some 
sulfates of sodium, potassium, and magnesium are found in 
: certain localities. 

427. Metals That Occur As Chlorides. The only in- 
soluble chlorides are those of lead, silver, and mercurous 
mercury. Contrary to what one might expect, there are 
several soluble chlorides that are found in nature. They 
are found in sea water, or in deposits left by the evaporation 
of the water from some land-locked parts of prehistoric seas. 
The chlorides found include those of sodium, potassium, and 
magnesium. Since all the compounds of sodium and potas- 
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slum are soluble, it is not so strange after all to find these 
metals in nature in such stable compounds as the chlorides. 

428. Metallic Nitrates. All nitrates are soluble. Sodium 
nitrate is found in the desert regions of northern Chile. It 
is the only nitrate that occurs in nature to any considerable 
extent. 

B. METALLURGY 

429. What Is Meant by Metallurgy? That science which 
deals with the methods of extracting metals from their ores 
is called metallurgy. In discussing the methods used, we shall 
have occasion to refer to both minerals and ores. All ores 
are minerals, but not all minerals are used as ores. The term 
mineral refers to any element or compound that occurs naturally 
in the earth^s crust. Clay is a mineral that contains alu- 
minum, but it is not an ore of aluminum because it is impos- 
sible to extract aluminum from clay at a profit. An ore is a 
mineral that contains an element in such quantity and in such 
a form that it may he profitably extracted. Bauxite is an 
aluminum mineral from which the aluminum can be extracted 
profitably. Hence bauxite is an ore of aluminum, as well as 
an aluminum mineral. 

In this chapter we shall aim to describe in some detail 
and illustrate certain general methods of extracting metals 
from their ores. These processes are typical of those used 
in extracting several other metals. For example, aluminum 
is extracted by means of electrolysis. The process described 
for extracting aluminum is typical of that used for extract- 
ing other elements, such as sodium, potassium, or magnesium. 
Iron is extracted from its ores by reducing them with carbon 
in the form of coke. The process, which is described in this 
chapter, is typical of the extraction of copper, zinc, and tin. 
An active metal, such as sodium or aluminum, may be used 
to take oxygen from a less active metal. 

430. Preliminary Treatment of Ores. Some ores must 
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undergo a preliminary treatment before they can be ex- 
tracted. The froth-flotation process is used to concentrate 
some low-grade ores. This is usually done at or near the 
mines. Then the bulk of material that must be shipped to 
the smelter is decidedly reduced, thus saving labor and 
freight. 

Sometimes the ore is so loose and powdery that much of 
it would be lost during its reduction by the blast of air that 
is blown through it. To prevent such loss, a little tarry 
material is added, and a flame is directed over the surface 
of the material. Such cementing of dust particles to form 
a coherent mass is known as smtering. 

Ores that occur as sulfides, hydrated oxides, or carbonates 
are nearly always converted into oxides before they are 
smelted. This is accomplished by roasting the ores in the 
open air. Such roasting drives off the water from the hy- 
drated oxides; it also drives off the carbon dioxide and leaves 
the oxides of the metal. The following equation, 

2ZnS + 30. 2ZnO + 2 SO 2 T , 

is typical of the behavior of sulfides when they are roasted 
in air. Thus we find that the metallurgist usually converts 
the ores into oxides before the metals are extracted. 

C. ELECTROLYSIS 

431- How Electrolysis Is Used. We have already had 
ample proof that the electric current will decompose com- 
pounds, or separate the ions of compounds that are disso- 
ciated. The ionization must precede such separation. The 
ore used as the electrolyte must be some soluble compound, 
or it must be melted or fused in order to ionize it. But 
few natural ores are soluble; therefore the ore is generally 
ymlted or fused. For example, in preparing sodium, the 
electric current is passed through melted sodium hydroxide. 
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The soduim hydroxide used is soluble, but when the electric 
current is passed through a solution of sodium hydroxide, the 

sodium that is set free im- 


mediately attacks the water 
that is present, and forms 
sodium hydroxide. Such 
metals as sodium, potassium, 
calcium, magnesium, and 
aluminum are extracted by 
means of the electric current. 

In the United States, elec- 
trical industries flourish at 
Niagara Falls, where use is 
made of the hydro-electric 
power that is developed. The 

Permission of Popular Science Monthly mOSt Widely USCd metal that 

Charles Martin Hall (1863-1914) is extracted by electrolysis is 
was an Americanvinventor. He was QlnTY"iir»nm 
awarded the Perkin medal in 1911. 

432. How Aluminum Is 
Extracted. In the chemical laboratory of Oberlin College, 
Professor Jewett made the following remark: ^^Any person 
who discovers a. process by which aluminum can be made on 
a commercial scale will bless humanity and make a fortune for 
himself.” As he left the laboratory, a student, Charles Martin 
Hall, remarked to a classmate, going for that metal.” 
Two years later Hall handed Professor Jewett a lump of 
aluminum that he had extracted by the following process: 

Bauxite, a hydrated oxide of aluminum, is first roasted to 
drive off the water. But aluminum oxide is insoluble in 
ordinary reagents, and it fuses at about 2000° C., well above 
the melting point of iron. HalFs problem was to find a 
solvent in which the aluminum oxide will ionize. He dis- 
covered the fact that cryolite, a double fluoride of sodium 
and aluminum that is found in Greenland, not only melts 
at a low temperature, but it also dissolves bauxite, or alu- 
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mintim oxide. This discovery proved to be the key to his 
problem.' 

An iron box lined with carbon is made the cathode, and 
rows of carbon rods are used as anodes. (See Fig. 253.) 
The box is kept at a temperature higher than the melting 
point of cryolite. When the current is passed through the 
solution, the aluminum ion is attracted to the cathode where 
its charge is neutralized. Molten aluminum collects at the. 


Fig. 253. — Electrolysis of aluminum oxide. 

bottom of the tank, where it is drawn off periodically. The 
oxygen ion is attracted to the anode where it loses its electric 
charge. Oxygen gas escapes at the anode, or combines with 
the carbon of the anodes. Aluminum oxide is added from 
time to time to keep the action continuous. It is interesting 
to note that Heroult, working independently in France, also 
worked out a commercial process of extracting aluminum by 
electrolysis at about the same time that Hall succeeded here 
in America. 

Aluminum was first isolated in 1828 by Wohler, a German 
chemist, under whom Professor Jewett studied. In 1855 
aluminum sold at $90 per pound. The price in 1870 was $12 
per pound. In 1886, Hamilton Castner, of Brooklyn, learned 
how to make sodium cheaply enough so it could be used to 
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taKe 6xygen from aluminum. Castner^s process reduced the 
price of aluminum to less than $2 per pound. The Hall 
process, which was commercialized in 1889, is so successful 
that the market price for aluminum is now about 20^ per 
pound. The numerous uses to which aluminum is put must 
convince us that Hall conferred a blessing upon mankind. 
When Hall died in 1914, he left a bequest of several million 
dollars (a part of the wealth he had acquired as a result of 
his discovery) to Oberlin College. 

D. REDUCTION WITH CARBON 

433. Reduction. The reduction of the oxides of metals 
with carbon is the most important method employed in 
metallurgy. The reducing agent generally used is coke^ since 
it is efiicient and not very expensive. Charcoal was em- 
ployed at one time, and coal is sometimes used. Every year 
the United States produces about 40,000,000 tons of iron. 
When we consider that approximately 1 lb. of coke is 
needed to make 1 lb. of iron, we can understand why some 
100,000,000 tons of soft coal are converted into coke every 
year. Furthermore, iron is only one of the metals extracted 
by this method. Copper, tin, and zinc are obtained by re- 
duction. Let us study somewhat in detail the operation of 
a blast furnace in the preparation of iron as typical of this 
general method of exacting the useful metals. 

434. How Iron Is Extracted by the Use of a Blast Fur- 
nace. 1. The furnace itself is one of the giants used in in- 
dustry. It consists of a steel shell from 80 to 100 ft. high, and 
from 20 to 25 ft. internal diameter. If the ceilings of your 
schoolroom are 14 ft. high, that means that the blast furnace 
is as tall as a school building six or seven stories liigh. The 
steel shell is lined with fire-brick. (See Fig. 254.) Water cir- 
culates through a shell built into the walls in order to protect 
those portions of the furnace that are subjected to the 
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greatest heat. The heat is due to the chemical reactions that 
take place inside the furnace. The action is started by forc- 
ing a blast of hot air into the furnace through tuydres. 
Hence the name blast fimiace. Figure 255 shows a blast fur- 
nace with the stoves” that 
are used for heating the air 
blast. These ^‘stoves” are 
ahnost as large as the fur- 
nace itself. They are filled ^pper 

with a checker-work of brick hopp^ 

which is heated with gas. 

Then air is heated by being -v 

blown through the checker- I ITowD 

work of heated brick. Each 1 

furnace lias several “stoves."’ 

2. The charge consists of 

iron ore in the form of iron , 

oxide^ of cohcj and of flux. P^C®o4|| 

The charge generally consists PlriSil o Testone 

of about 3 parts by weight IffffMl ^ SS^Id^Iug 

of ore, 2 parts of coke, and Mmsm 1 DROPS OF 

1 part of Hmestone. The 
limestone is used as a flux 
when the ore contains silica 
as an impurity. When the 
gangue in the ore is lime- 

stone, then silica is used as sua 

a flux, borne of the largest S 

blast furnaces use about 

2000 tons of raw material 
every 24 hours. 

3. The operation. While some of the “stoves” are being 
heated by the use of blast furnace gas, others are being used 
to heat the air blast. Huge blowers are used to force air up 
through the pre-heated “ stoves. ” The air absorbs heat from 
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Fig. 254. — Diagram of blast furnace. 
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A blast furnace for reducing iron ores. The “stoves” seen at 
either side heat the air for the blast. 


the hot brick, and the hot-air blast then enters the furnace 
through the tuyeres. Over 50,000 cu, ft. of air, at a temper- 
ature of from 500° to 800° C., enter a large blast furnace 
every minute. It takes 4 or 5 tons of air to make 1 ton of iron. 

4. The action inside. The chemical action inside a blast 
furnace is complex. The coke is ignited by the hot air blast 
and some of it burns to carbon dioxide. But as the carbon 
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dioxide that is formed just above the tuyeres rises it comes 
into contact with more coke and it is reduced to carbon 
monoxide. 

CO 2 + C-^2CO t . 

Carbon monoxide is a good reducing agent and it reduces 
the iron oxide to metallic iron. The equation follows: 

FegOs + 3CO 3 CO 2 T + 2Fe. 

To prevent any possibility of a reversal of the reaction, the 
operation is so controlled that there will be a decided excess 
of carbon monoxide. For that reason the waste gases re- 
moved from the top of the furnace contain from 20% to 30% 
of carbon monoxide, a valuable fuel. This blast furnace gas 
used to be wasted. Now it is collected and it supplies enough 
fuel to operate the entire plant. It heats the “stoves/’ and 
supplies heat energy for power purposes. The white-hot 
liquid iron sinks to the bottom of the furnace where it is 
tapped off every 4 or 5 hours. It may be cooled in molds to 
form pig iron, or it may go directly to a furnace or a converter 
to be made into steel. 

6. The flux serves three purposes : (a) It unites chemically 
with the gangue present in the ore, and forms a slag. The 
slag is drawn off from the furnace every couple of hours. 
The following equation shows the chemical action that occurs 
during the forming of the slag: 

CaCOg + Si02 CaSiOs + CO 2 t • 

(6) The glassy slag (see Section 402) that is formed has a 
lower melting point than the impurities in the ore. Hence 
less heat is required when a flux is used. The w^ord flux 
comes from the Latin word fluerCj “to flow,’’ and it is used 
in chemistiy to designate any substance used to lower the 
melting: point of a mixture to which it is added, and thus 
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(c) The slag is lighter than the molten iron and floats on 
its surface. Here it protects the iron already reduced from 
being re-oxidized by coming into contact with the air that is 
constantly coming in through the tuyeres. 

A blastfurnace is difficult to start, and when started it is 
kept in continual operation until it is worn out. A double 
trap is so arranged at the top that the raw materials may 
be added without disturbing the operation. The trap pre- 
vents the loss of gas. Some furnaces last for 20 years. The 
large ones make from 500 to 900 tons of iron a day. 

E. ALUMINO-THERMICS 

435. Introductory. A very active metal may be used to 
take the oxygen from a less active metal. From Table 8, 
in the Appendix, we see that 393 large calories of heat are 
set free during the formation of one mole of aluminum oxide. 
For example, granular aluminum will take the oxygen from 
iron oxide if the temperature is raised to a high enough degree 
to start the reaction. 

2A1 4“ Fe 203 — > AlsOg -h 2Fe. 

436. Alumino-thermics. While the use of aluminum to 
reduce other metals is too costly for general use, yet it is of 
practical value under certain conditions. (1) It is often used 
when a small quantity of carbon-free metal is needed. Chro- 
mium, which is used for making special steels, is sometimes 
extracted by this method. Manganese is another metal 
that is extracted by the use of aluminum. Other metals 
sometimes reduced by this process include uranium, titanium, 
molybdenum, and tungsten. (2) Alumino-thermics is some- 
times used when the element is too active to be easily reduced 
with carbon. Silicon and boron are non-metals that are 
sometimes de-oxidized by the use of granular aluminum . 

437. Thermit Welding. While aluminum is too costly 
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to be used for reducing iron oxide, yet the process is used to 
produce iron for welding purposes. The following method of 
autogenous welding was devised by Dr. Hans Goldschmidt. 
A mixture of granular aluminum and iron oxide, known as 
thermit, is placed in a crucible above the metals to be welded. 


Fig. 256. — Thermit crucible as used for welding. 


An igniting mixture, consisting of barium peroxide and 
powdered aluminum or magnesium, is placed on top of the 
thermit to start the reaction. (See Fig. 256.) The chemical 
action is as follows: 


As the white hot molten iron is reduced it runs down over 
the broken ends and literally fuses them together to form a 
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solid piece. (See Fig. 257.) One of the chief advantages in 
thermit welding arises from the fact that the weld can be 
made without removing the broken parts and taking them to 
a large forge. Much time is saved in this way. Bloch 
thermit is a mixture of black oxide of iron, Fe304, and granu- 
lar aluminum. The temperature produced by the reaction 
is estimated at about 3500° C. It is interesting to note that 



Fig. 257. — - The completed weld made by the use of thermit as in Fig. 256, 


thermit bombs were made during the World War and used 
for incendiary purposes. 

F. METAL REPLACEMENT 

438. One Metal May Replace Another. In Section 53 
we learned that one metal will replace another from its com- 
pounds in solution. If we suspend a strip of copper in a 
solution of silver nitrate, the copper gradually goes into 
solution, and the silver is precipitated. 

Cu + 2AgN03-^2Agi + Cu(N 03)2. 

Use may be made of this fact in precipitating silver from 
its solutions by the use of a cheaper metal, such as copper 
or iron. Scrap iron is used to precipitate copper from the 
waste waters in the copper industry. 
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439. Applications of the Replacement Table. There' are 
several interesting facts concerning metal replacement. 
Active metals replace those that are less active, and this 
fact is sometimes used to extract expensive, inactive metals 
from their compounds by the use of cheap, active ones. 

The activity of metals is due to the readiness with which 
they ionize; or we may say that a metal is active if it loses 
its electrons easily. Potassium shows a greater tendency to 
ionize than any metal in the re- 
placement series. (See page 76.) 

Hence it stands first in the 
series. The fact that potassium 
loses its electrons so easily 
makes it useful for coating the 
inside of the photo-electric cell 
used in television. (See Fig. 258.) Light shining upon it 
causes it to emit electrons. 

The farther apart any two elements stand in the series, the 
greater the voltage produced when those two elements are 
used to make a voltaic cell. For that reason this series is 
sometimes called an electromotive series. If we make a 
voltaic cell out of copper and zinc, the copper will be positive 
with respect to the zinc, and it will yield an electromotive 
force of 1.1 volts. If silver is made the positive element, and 
aluminum the negative, we may have an electromotive force 
of more than 2 volts. Zinc is used as the negative element in 
nearly all types of voltaic cells, because it is the most active 
metal that it is practical to use. Potassium, sodium, and 
some of the others would attack water even when the cell 
was not in use. Platinum and gold are better positive ele- 
ments than copper, but they are too expensive. Carbon 
rods are extensively used. 

The replacement table shows the student that such acids 
as hydrochloric do not attack the metals that stand below 
hydrogen, and that with few exceptions it attacks readily 


Phofo-Eledric 
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those that stand above hydrogen. Elements that stand 
above hydrogen are not found free in nature, but many of 
those that stand below hydrogen occur free in nature. Those 
that stand above manganese are prepared by electrolysis. 
The metals that fall below copper in the series do not tarnish 
in air. The oxides of some inactive metals are decomposed 
by heating. The majority of those metals that stand above 
hydrogen in the series interact with water or carbon dioxide. 
They rust or tarnish in moist air. 

SUMMAEY 

All oxideSy hydroxides, and sidfides of metals are insoluble in 
water except those of sodium, potassium, calcium, and barium. 
In general, the oxides and sulfides of these metals interact with 
water and form hydroxides. The oxides, sulfides, and hydroxides 
of the heavy metals form some of the important ores. 

All ordinary carbonates are insoluble except the carbonates of 
sodium and potassium. Many ores occur in nature as carbonates. 

The sulfates of barium, strontium, and lead are insoluble; the 
sulfates of silver and calcium are slightly soluble; all other 
sulfates are soluble. The sulfates are not so abundant in nature 
as oxides and sulfides. 

The chlorides of lead, silver, and mercurous mercury are in- 
soluble; other chlorides are soluble. The chlorides of sodium, 
potassium, and magnesium are found in nature. 

All nitrates are soluble. Sodium nitrate is the only nitrate 
found in nature in any considerable quantity. 

In general we may expect to find in nature: (1) Inactive 
metals occurring uncomhined. (2) Insoluble compounds of the 
heavy metals (BertholleFs law of insolubility). (3) The soluble 
compounds of the active metals, if such compounds are stable. 

Metallurgy is the science that deals with the extraction of metals 
from their ores. 

With few exceptions metals are extracted by one of the follow- 
ing methods: electrolysis; reduction with carbon; reductiofi with 
some more active metal such as aluminum; and replacermni of the 
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meial hy a more active one. Many of the light metals are extracted 
by electrolysis. The common heavy metals are usually extracted 
by reduction of their ores with carbon. Metals less widely used 
and the more valuable metals are extracted by alumino-thermy, 
or by replacement with a cheaper metal. 


QUESTIONS 
Group A 

1. The only soluble silicates are those of sodium and potas- 
sium. Would you expect to find silicates widely distributed in 
nature? 

2. Why are the metals that stand above hydrogen in the re- 
placement series not found free in nature? 

3. Which metal do you think would be more easily reduced, 
iron or copper? Iron or aluminum? 

4. Distinguish between the terms: metal, mineral, and ore. ^ 

5. What is the chief objection to the use of alumino-therrnics 
in metallurgy? 

6. What is meant by the term ‘"flux” as used in metallurgy? 
State its uses in extracting iron from its oxides. 

7. How are Berthollet’s laws related to the occurrence of 
metals in nature? 

8. If a steamship broke a propeller shaft, why would thermit 
be a satisfactory material to be used for making repairs? 

9. Write equations to show how zinc can be used to replace 
lead, tin, copper, silver, and mercurous mercury from the nitrates 
of the metals. 

Group B 

10. From the position of mercury in the replacement series, 
what do you think would be the effect of heating cinnabar, or 
mercuric sulfide? 

11. Why is it necessary to fuse certain ores before electrolysis 
can take place? 

12. State the advantages and the disadvantages of extract- 
ing metals by electrolysis. 
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13. Summarize the facts that may be learned by a careful 
study of the replacement series of metals. 

14. What is meant by a basic salt? Compare basic salts with 
acid salts. ' ■ 

15. The iron ore from the mines in northern Michigan and 
Minnesota is shipped to such cities as Gary, Chicago, Detroit, 
and Cleveland to be smelted. Explain why the iron ore is shipped 
to the coal regions instead of shipping the coal or coke to the 
locality where the ore is found. 

16. Write equations to show how aluminum can be used to 
replace from their nitrates the metals listed in No. 9. 

PROBLEMS 
Group A 

1 . How manj^ pounds of zinc oxide can be obtained from 1 ton 
of zinc sulfide ore, if the ore contains 5 % of gangue? 

2. What weight of aluminum will be needed to extract all the 
oxygen from 400 pounds of ferric oxide, FeoOs? How many pounds 
of iron will be set free? 

Group B 

3. How many liters of oxygen are needed for roasting 1000 gm. 
of zinc sulfide? How many liters of sulfur dioxide are set free? 

4. How many liters of carbon monoxide are needed to reduce 
500 gm. of ferric oxide? How many liters of carbon dioxide are 
formed? 
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The metal finds some use as a reducing agent. As a 
catalyst, it converts isoprenej CbHg, into artificial rubber. 
Some of the compounds of sodium are the most important 
known to chemistry. 

442. Sodium Chloride, NaCL This compound occurs in 
nature in sea water, in salt-wells, and in rock deposits. Rock 
salt is mined in some localities, but most of the sodium 
chloride of commerce is obtained by the evaporation of 


Fig. 261. — Harvesting salt from San Francisco Bay. 
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sodium compounds, and also of all compounds that contain 
chlorine. Thousands of tons of salt are used every year as a 
preservative in the packing and curing of meats. Mixed 
with snow or ice, salt forms a good freezing mixture. It is 
estimated that the average American uses about eleven 
pounds of salt a year in seasoning his food. Considerable' 
quantities are fed to sheep and cattle. The chart, Fig. 262, 
shows the important part that salt plays in the industries. 

443. Sodium Nitrate, NaNOs. We have already learned 
that extensive beds of sodium nitrate are found in the arid 
regions of western South America, especially in northern 
Chile. It is a colorless, crystalline compound, slightly 
hygroscopic. Large quantities of sodium nitrate are used for 
fertilizers. It also finds use in making nitric acid and other 
nitrates. Since it adsorbs water, it is not suitable for making 
gunpowder. 

★ 444. Sodium Sulfate, Na 2 S 04 . This compound, which 
is a by-product from the manufacture of hydrochloric acid, 
is a colorless, crystalline compound. Its hydrate has the 
formula Na 2 SO 4 . 10 H 2 O. It finds some use in medicine 
under the name Glauber^s salt. Sodium sulfate finds some 
use in making cheap glass. 

445. Sodium Hydroxide, NaOH. In the chapter on 
bases we learned that sodium interacts with water to form 
sodium hydroxide. This compound is produced commer- 
cially by the electrolysis of a solution of sodium chloride, 
the electrodes being in separate compartments so that the 
chlorine which is liberated at the anode does not by any 
chance come into contact with either the hydrogen or the 
sodium hydroxide at the cathode. Much of the sodium hy- 
droxide is now made in Nelson cells or cells of the Vorce type. 
Sodium hydroxide is a white, crystalline solid. In purified 
form it is often cast in sticks. It is deliquescent, taking on 
first water from the air and then carbon dioxide, changing 
slowly into the carbonate. In water solution it forms one of 




Till-; ^OI.VAY PKOCESS 


The sodium ehi"rid«' iiiti*ract> with tiic! ammonium 

carUaV am! 1 1m bi-(tarl .mat uf ,ha, a 

chloride: 


XaCI + Nil ,Hf ’O N:: I! « '( XH^CL (2) 

Tf .ndium I" prt)i ,r,.a, the sodium bij/ 

carboiiiito 


indium 

n.,m is heated ; 'i^Kf^^Ssem 

LAall - a - gissiiiic' jlaefe oi the stomach. A 


gimi.iic']iue 6 oi the stomach. A 
When the limestone water may thus counteract 

calcium oxide is prisdueei^ break up a common cold in its be- 

Cartir 


, .. p lactic acid. When it is used with soda 

It is slaked by the acm interacts with the baking soda 

Cait 't" clioxide. Sodium lactate is formed at 




1 +i :> ’Uitt'il lime is li'dng soda also interacts with molasses 
?.? t iv c£>xide, which serves as a leavening 

obtained as a bj PH .1 ^ or cookies. Baking soda 

CC _® ® 1 vxrm a/»+ 


NHj + HgO + y,d, or with some substance that will act 


Vi , ^ 

^ "V" solution, in the manufacture of baking 

NaC^v+ NH^HCO, -\-Jiree common types: 

-* In tins type of baking powder, cream 
Zlr~N tartrate, KHC4H4O6, 

2NaHC03 dium bi-carbonate to liberate carbon 

f powder sometimes contains tartaric 

CaCOj .ream of tartar. Starch is used in all 

- tile powder from deteriorating when 


It adsorbs the moistiiT<^ 


Ca(0H)2 + 2NH4CI- ' ' ' ssibili^"®® 

Fig. 263. — s.-liTOiaP: diagram u^d ^"^p^^ing%rocess. 
of using by-proanra in a chemical maimfactnriag ^ 

left in the formation of the sodium bi-carbonate m 

sented in equation ( 2 ) : ^ q_ 

Ca(OH )2 + 2NH4C1 -> CaCU + 2NHs t 


516 


THE ALKALI METALS 

Figure 263 shows how the various hy-products are utiUzed 
The ammonia comes in part from the gas plant. The (y h ' 

dioxide comes from the limestone, as shown in EquatiLT 
. The ammonium bicarbonate that is funmnl in Equation 1 

quantities are fed to i^tmmoniiim chloride 

shows the important part that salt ph in Equation 2, 

443. Sodium Nitrate, NaNOg. Wf ^ 

that extensive beds of sodium nitrate formed in 

regions of western South America, « 5. This am- 

Chile, It is a colorless, crystallin used again as 

hygroscopic. Large quantities of sodit Equation 1. The 
fertilizers. It also finds use in makin. dioxide from 

nitrates. Since it adsorbs water, it is j Equation 3 is used again 
gunpowder. forming more sodium 

★ 444. Sodium Sulfate, Na 2 S 04 . W-curbonate. The cal- 
is a by-product from the manufactm chloride that is 

is a colorless, crystalline compound E>rined during the re- 
formula Na2SO4.10H2O. It finds of the ammonia 

under the name Glauber's salt. So< osed as a binder on 
use in making cheap glass. roads to prevent an 

445. Sodium Hydroxide, NaOl accumulation of dust, 
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sodium hydroxide. This compoun Solvay made out of his 
cially by the electrolysis of a solu Process is said to have 
the electrodes beinsr in Qf^nfirate cc. t>een used to help pay 
the war tax which the Germans im^posed on Brussels when 
they captured the city in 1914. (Se^'e Pig. 264.) 

448. Sodium Carbonate, Na 2 C 03 r^ This carbonate of 
sodium forms colorless crystals thi^^it have the formula 
NasCOg . IOH 2 O. It finds extensive u^e in the manufacture 
of glass. Enormous quantities are us(jpd for softening hard 
waters, since it readily exchanges its so^dium for the calcium 
or magnesium present in the hard water . ^ When it hydrolyzes 
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in water, it gives an alkaline reaction. For that reason, it 
finds use in the laundry, under the name washing soda. 

449. Sodium Bi-carbonate, NaHCOa. This compound of 
sodium is generally known as baking soda. It interacts with 
acids and liberates carbon dioxide, either for use as a leaven- 
ing agent or for use in extinguishing fires. It finds some use in 
medicine as an antacid to neutralize the excess acid that may 
at times be present in the gastric juice of the stomach. A 
half-teaspoonful of soda in water may thus counteract 
abnormal acidity and break up a common cold in its be- 
ginning. , 

Sour milk contains lactic acid. When it is used with soda 
as a leavening agent, the acid interacts with the baking soda 
and liberates carbon dioxide. Sodium lactate is formed at 
the same time. Baking soda also interacts with molasses 
and liberates carbon dioxide, which serves as a leavening 
agent in the baking of ginger bread or cookies. Baking soda 
is used with some acid, or with some substance that will act 
like an acid in water solution, in the manufacture of baking 
powders. There are three common types: 

1 . Cream of tartar. In this type of baking powder, cream 

of tartar, - which is potassium acid tartrate, KHC 4 H 4 O 6 , 
interacts with the sodium bi-carbonate to liberate carbon 
dioxide. This ts^pe of powder sometimes contains tartaric 
acid mixed with the cream of tartar. Starch is used in all 
baking powders to keep the powder from deteriorating when 
exposed to moist air. It adsorbs the moisture and keeps 
the powder dry. Since baking powders contain an acid, 
soar milk is not used with baking powder. Either water or 
sweet mfik may be used. , 

2. Acid phosphate powders. In this type of baking powder 
pure mono-calcium phosphate, Ca(H 2 P 04 ) 2 , is the acid salt 
used to set free the carbon dioxide from the baking soda. 

3. Sodium aluminum sulfate powders: The so-called alums 
are double sulfates, made by crystallizing the sulfate of some 
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univalent metal with the sulfate of a trivalent metal. Sodium 
aluminum sulfate, NaAl(S 04 ) 2 , is the one used in baking 
powder. It hydrolyzes in water, and acts as an acid, since 
it is the salt of a strong acid. Thus it interacts with sodium 
bi-carbonate and liberates carbon dioxide. 

Considerable discussion has arisen concerning the health- 
fulness of baking powders that contain one of the alums.’’ 
From investigations carried on by the Research Laboratories 
in Washington, there was no evidence of any harmful results 
from the use of sodium aluminum sulfate powders. Such 
powders were manufactured for the use of the United States 
Commissary Department during the World War. 

450. Sodium Peroxide, IS[a202- This compound, which 
is a yellowish-white powder, is formed by burning sodium in 
air. When it is added to water, it forms sodium hydroxide 
and oxygen. 

NasOs + HoO 2NaOH + (0) T . 

Since nascent oxygen is liberated in this reaction, such a 
solution forms an excellent bleaching agent. Fibers bleach 
readily in an alkaline solution. Hence, sodium peroxide is to 
a considerable degree taking the place of hydrogen peroxide 
as a bleaching agent. It is sold under the name of oxone, to be 
used in preparing small quantities of oxygen. It finds con- 
siderable use as an oxidizing agent. 

★ 451. Sodium Thiosulfate, 3 Srai>S 203 . This compound, 
which is known as 'Tiypo,’’ is used in photography to dissolve 
any silver compounds that have not been changed or re- 
duced by the action of light and a developer. Thus it 
“fixes’^ the plate so that it is no longer sensitive to light. 
It also serves as an “antichlor’’ to remove the last traces of 
chlorine used in bleaching. 

452. Sodium Cyanide, NaCN. This white, crystalline 
solid is extremely poisonous and must he handled with the great- 
est care. With acids it interacts and forms the deadly poisonous 
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hydrocyanic acid, commonly called prussic acid. Used in this 
manner, sodium cyanide finds use in fumigating ships to 
destroy vermin, or in destroying insect pests on fruit trees. 
It is also used in extracting gold from its low grade ores, in 
preparing the electrolyte for plating with silver or gold, and 
in the process of case-hardening steel. 

B. POTASSIUM AHD ITS COMPOUNDS 

453. Introductory. The compounds of potassium re 
sembie those of sodium so closely that they may often be 
used interchangeably. For example, either sodium chlorate 
or potassium chlorate may be used to prepare oxygen. 
Potassium compounds as a rule are rather more easily soluble 
than the compounds of sodium. When the World War shut 
off the supply of potassium compounds that had been 
imported from Germany, sodium compounds were used as 
substitutes and in many cases they are just as satis- 
factory. They are cheaper and they ^^go farther.^ ^ The 
atomic weight of sodium is 23, and that of potassium is 39. 
If we are using potassium hydroxide, KOH, as a base, we 
must use 56 lb. in order to get 17 lb. of hydroxyl (OH); 
only 40 lb. of sodium hydroxide, NaOH, are needed to supply 
17 lb. of hydroxyl. 

★ 454. Metallic Potassium. This metal was first extracted 
by Sir Humphry Davy by the electrolysis of potassium 
hydroxide. When he handed a lump of the metal to a friend, 
the man is said to have remarked: Bless me, how heavy it 
is!^^ In reality, potassium is so light that it floats on water. 
It is slightly lighter than sodium. It is a soft, bluish-white 
metal that resembles sodium quite closely. It must be kept 
under kerosene or some other oil, since it is attacked by the 
oxygen, the moisture, and the carbon dioxide of the air. 
It is now extracted by the electrolysis of its fused hydroxide. 

455, Potassium Chloride, KCl. At Stassfurt, Germany, 
there are found some remarkable deposits of the chlorides 








Courtesy of N. V. Potash Export My.y Inc. 

Fig. 265. — A diagrammatic sketch showing the mineral deposits in a 
potash mine. The most important potash salts lie in the dark-colored 
strata. The thick white deposit is rock salt. These beds were probably 
formed by the slow evaporation of sea, water when this area was shut off 
from the sea. 
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Courtesy of N. V. Potash Export My.y Inc. 

Crystallization of pure potash salts from the hot, concen- 
trated solutions of the crude material. 


pounds. It furnishes the bulk of the “potash” which is 
used for commercial fertilizers. Figure 266 shows the method 
of purifying the crude salts by crystallization. 

456. Potassium Nitrate, KNO3. This compound is made 
by mixing hot, concentrated solutions of sodium nitrate and 
potassium chloride. We would expect the reaction, 

KCl + NaNOa KNO 3 + NaCl, 


and sulfates of potassium, and of other soluble minerals. 
These beds, which are several hundred feet thick, have for 
years been the chief source of potassium compounds. Prior 
to the World War, Germany had a near-monopoly of potas- 
sium compounds, but some of these potassium deposits are 
in Alsace, which is now a part of France. (See Fig. 265.) 

Potassium chloride is a white crystalline salt that is used 
as a starting point for making nearly all potassium com- 
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to be reyersible, because aU the products are soluble. But 
sodium chloride is much less soluble in hot water than the 
other compounds are, and it will separate as a crystalline 
solid which can be removed by filtration. This furnishes us 
with another example of the use of physical conditions to 
control the direction of a chemical reaction. 

Potassium nitrate finds use in curing meats, such as corned 
beef and sugar-cured ham. Butchers sometimes make 
questionable use of potassium nitrate by sprinkling it over 
chopped meats so they will retain their bright red color. 
Potassium nitrate is a good oxidizing agent. Hence it finds 
use in fireworks and in making black gunpowder. 

457. Potassium Hydroxide, KOH. The method of pre- 
paring potassium hydroxide is analogous to that of making 
sodium hydroxide. It resembles sodium hydroxide in its 
physical and chemical properties. In fact, the two com- 
pounds are so much alike that for most purposes one may 
be substituted for the other. In the soap industry, potassium 
hydroxide produces a soft soap, and sodium hydroxide yields 
a hard soap. Potassium hydroxide is the electrolyte used in 
the Edison storage battery. 

★ 468. Potassium Carbonate, K 2 CO 3 . When wood burns, 
some potassium carbonate is formed. It may be extracted 
by leaching wood ashes with water. This method of making 
lye was at one time extensively practiced when our grand- 
mothers boiled waste fats with lye for making soaps. It is 
still practiced in some localities. Considerable potassium 
carbonate is present in the mother liquor left after sugar 
crystals have been extracted from sugar beets. Wool per- 
spiration, or suint, contains potassium carbonate, which is 
recovered from the waters used for washing wool. Thus we 
see that potassium compounds are closely related to animal 
and plant life. The most important use of potassium car- 
bonate is in the manufacture of hard glass. 

★ 459. Potassium Chlorate, KCIO3. Two possible reactions 




the Mme Sb violet color. Lithium and its compounds give a 
crimson flame; barium compounds, a yellowish-green flame; 
calcium compounds, a yellowish-red flame. The flame test 
for metals is the simplest and quickest test we have. Un- 
fortunately, this simple test is 
often valueless because the color 
of the flame may be obscured by 
the presence of other compounds. 
A spectroscope is necessary to 
distinguish an element when 
other elements are present. 

462. Use of the Spectroscope. 
When rays of sunlight are passed 
through a triangular prism, a 
band of colors called a spectrum 
is produced. A white hot plat- 
inum wire produces a band of 
colors when its rays fall upon a 
prism. If we examine burning 
sodium through a spectroscope, 
which is an instrument for pro- 
ducing and examining spectra, 
we find that it gives a bright 
yeUow bapd. This band is always formed in the same 
relative place in the spectrum; thus it serves to identify 
sodium. Potassium pro- 
duces both red and 
violet fines. From the 
Spectrum Chart on the 
opposite page, we see 
the characteristic colors 
of hydrogen, nitrogen, 
and carbon. The stars 
and other heavenly bodies give characteristic spectra by 
means of which it is possible to determine the elements of 


metal 




P/atmum 


Fig. 267. Some metals im- 
part to the flame a characteris- 
tic color. 


THE ALKALI METALS 


- 



which they are composed. The method of spectrum analysis 
is the result of the work of two German chemists, Bunsen 
and Kirchhoff. By the use of the spectroscope, they dis- 
covered two new elements that belong to this family, caesium 

and rubidium, (See Fig. 268.) 

SUMMARY 

The alkali metals are usually prepared by the electrolysis of 
their fused hydroxides. Their hydroxides are prepared by the 
electrolysis of sohitimis of their chlorides, which occur in nature. 
The hydroxides of these elements form very strong bases. 

The chlorides of sodium and potassium are used in preparing 
other compounds of sodium and potassium. Potaasium chloride 
is a valuable fertilizer. 

Sodium nitrate is used as a fertilizer; it also finds use in making 
nitric acid and in preparing potassium nitrate for use in explosives. 

The carbonates of both sodium and potassium find use in the 
glass industry. Sodkini carbonate is commonly called soda ash 
or washing soda. It is an excellent material for softening hard 
water and as a cleansing agent in the laundry. Sodium hi-carbon- 
ate is used in fire extinguishers and in the manufacture of baking 
powders. Both carbonates of sodium are manufactured by the 
Solvay process. 

Sodium peroxide is an important oxidizing agent used in the 
bleaching industry. Sodium cxjanide used in the metallurgy of 
gold, in making plating solutions, and as a poison. 

When chlorine gas is passed into a cold, dilute solution of 
potassium hydroxide, the hypochlorite of potassium is formed. 
Potassium chlorate is formed when chlorine gas is passed into a 
hot, concentrated solution of potassium hydroxide. 

Some metals impart to a flame a characteristic color by which 
the metals may be identified. The spectroscope is an instrument 
used to analyze the spectra produced by various substances when 
they are heated to incandescence. Elements present in very small 
quantities may be detected by means of the spectroscope. Each 
element produces characteristic lines in definite positions in the 
visible spectrum. 


526 


THE ALKALI METALS 


QUESTIONS 
Group A 

1. Why are sodium compounds so important in ciiemistry? 

2. Discuss the commercial and industrial importance of so- 
dium chloride. 

3. How can you distinguish between sodium nitrate and 
potassium nitrate? Between sodium chloride and sodium nitrate? 

4. In what laboratory exercises have the following compounds 
been used: sodium chloride, sodium nitrate, potassium chlorate, 
sodium carbonate, sodium hydroxide, and sodium bi-carbonate? 

5. What methods can you suggest to keep table salt from 
^^'caking^^? 

6. Washing soda dissolves wool and it turns oak floors black. 
Under what circumstances may it be used as a cleansing agent? 

7. If a manufacturer uses sodium carbonate in quantity, what 
advantage is it for him to buy calcined (strongly heated) sodium 
carbonate? 

8. Why does a baker get more consistent results by the use of 
baking powder than he does by using sour milk and soda? 

9. Explain how calcium chloride can be used to prevent clouds 
of dust arising from dirt roads. 

10. Before adding the milk to the tomatoes in making cream of 
tomato soup it is a good idea to add a pinch of soda. Explain. 

11. Hoiv do the salts of ammonium resemble those of sodium 

and potassium? ^ 

12. How does the solubility of sodium chloride in cold water 
compare with the solubility of potassium nitrate in cold water? 
How do their solubilities in hot water compare? What use is 
made of these differences? 

Group B 

13. Why are water solutions of the carbonates of sodium 
alkaline? Which would you expect to be more strongly alkaline? 
Give a reason. 

14. If sold at the same price per pound, which is the cheaper 
leavening agent, sodium bi-carbonate or potassium bi-car- 
bonate? 
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15, What uses can be made of sodium peroxide? 

16, What properties has a solution that is formed by passing 
water slowly through wood ashes? What name is given to the 
solution? For what is it used? 

17, How would you proceed to prepare sodium bromide? 
Potassium iodide? 

18, From Equation 3, page 515, would you expect that sodium 
bi-carboiiate alone \vould act as a leavening agent? If so, is there 
any objection to its use? 

19, One sometimes hears the statement that soda is used with 
sour milk to sweeten the milk. Correct the statement. 

20, Why should sour milk not be used with baking powder in 
making biscuits? 


PROBLEMS 
Group A 

1. How many pounds of nitric acid can be made from 100 lb. 
of potassium nitrate that has a purity of 80%? 

2. How many grams of hydrochloric acid can be neutralized 
by 10 gm. of sodium hydroxide? How many grams of the same 
acid can be neutralized by 10 gm. of potassium hydroxide? 

Group B 

3. If crystallized sodium carbonate, Na2CO3.10H2O, sells for 
10|^ per pound, and NaaCOs.HoO sells for Wi per pound, what is 
the cost in each case of one pound of anhydrous sodium sul- 
fate? 

4. How many liters of carbon dioxide can be liberated from 
100 gm. of each of the following: NaoCOs; NaHCOs; and 
KHCG3? , 

: SUPPLEMENTARY PROJECT 

Prepare a report on the following topic: 

1. The various sources of salt. 

Reference: New International Encyclopedia. 
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Vocabtilary 

Coquina. A white shell-rock formed largely of the shells of the 
coquina clam. 

Calcareous. Pertaining to limestone or calcium carbonate. 

Weathering. The changing of solid bed rock to loose mantle rock. 

Pyrotechnical. Pertaining to fireworks. 

Lycopodium. One of the club mosses that produces yellowdsh spores, 
called lycopodium powder. 

463. General Family Characteristics. The three elements^ 
calchmij barkm^ and strontium^ are very similar in their 
properties. Radiim belongs in this family of elements, and 
it resembles them chemically. It has such unusual proper- 
ties, however, that a separate chapter is given to the dis- 
cussion of radium and its properties. The hydroxides of 
these elements are slightly soluble in water and they form 
strong bases. This family of elements is sometimes known 
as the alkaline earth group. The elements never occur free 
in nature. They may be prepared by the electrolysis of 
the fused chlorides. There is little demand for the metals, 
because their practical applications are limited. The ele- 
ments in this family all have a valence of two. 


A. CALCIUM 

★ 464. How Calcium Is Extracted. In preparing calcium, 
the compound calcium chloride is melted in a graphite 
crucible which serves as the anode. The cathode is an iron 
rod that dips into the molten chloride. The calcium is de- 
posited on the end of the iron rod, which is raised out of the 

628 


CALCIUM CARBONATE 


529 


molten mass by a screw mechanism as the calcium deposit 
lengthens. The deposit of calcium then serves as the cathode. 

I The calcium cliloride is kept molten by the heat 'produced 
by the resistance it offers to the passage of the electric cur- 
rent. This process is essentially the same as that devised 
; by Robert Hare, an American chemist, who is credited with 
! being the first successfully to isolate the metal. Sir Hum- 

1 phry Davy had, however, produced a very small quantity 

prior to the work of Hare. 

I ★ 466. Metallic Calcium. This metal is silver-white in 

I color. It is a little harder than lead, but its density is only 

j about one-eighth as great. It may be kept in a stoppered 

^ bottle, but it tarnishes in moist air. It attacks water and 

: liberates hydrogen, but more slowly than the alkali metals 

do. It is a good reducing agent. If heated above its melting 
point, it burns in oxygen, or in chlorine. The applications 
: to which it is put are few, and the demand for the metal 

I is small. 

I B. COMPOUNDS OF CALCIUM 

466. Calcium Carbonate, CaCOa. This is one of the 
1 most abundant compounds of calcium, and also one of the 
1 most useful. It is found in various forms: 

I Limestone is the most important form of calcium carbon- 

j ate. It is quarried in nearly every state in the United 
i States. It was probably formed in past geologic ages from 

i accumulations of shells from marine animals. Although pure 

J calcium carbonate is white in color, or colorless when crystal- 
line, the natural deposits are often colored gray, blue, red, 
; or brown by the presence of organic matter or iron com- 
; pounds. When first quarried, it is soft enough to be sawed 

j or cut without much difficulty. It hardens somewhat after 

I it has been quarried for a time. Limestone finds use as a 

I building stone, especially for foundation work. It is fairly 
I durable. With or without the addition of cement, lime- 
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stone finds extensive use for making, repairing, and ballast-^ 
ing roads. Enormous quantities are heated to produce 
quicklime. Limestone finds extensive use as a flux in the 
reduction of metals, especially of iron. We have already 
learned that it is one of the important raw materials used in 
the manufacture of glass^ the carbonates of sodmm, and 
carbon dioxide. 

Calcite is a crystalline variety of calcium carbonate. 
Transparent, colorless specimens are known as Iceland spar. 


Pig. 269. — The Lincoln Memorial at Washington is built of fine marble. 

The letters on a printed page appear double when viewed 
through Iceland spar. This phenomenon is known as double 
refraction. Calcite is used in the making of standard or 
normal solutions of acids, since the weight of acid needed to 
dissolve all the calcium carbonate in a pure sample can be 
calculated accurately. 

Marble consists of fine grains of calcite. Originally it was 
probably deposited as limestone, and later changed by heat 
and pressure into marble. It takes a high polish, and it is 
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easy to cut or carve. Hence it finds use for making statuary, 
monuments, and as a finishing stone. One of the finest 
memorials ever erected to any man is the Lincoln Memorial 
Building in Washington. It is built entirely of marble and 
limestone. ■ (See Fig. 269.) - ' 


Marble is cut from the 
quarries with channeling 
machines into blocks that 
weigh about 15 tons each. 

(See Fig. 270.) These blocks 
are hoisted from the quar- 
ries, and sawed with smooth 
iron bands, set in a hori- 
zontal frame which pulls the 
bands back and forth across 
the marble. Water carrying 
particles of sand flows con- 
tinuously dowm over the 
block as the bands are drawn 
to and fro. (See Fig. 271.) 

These particles of sand really 
serve as teeth for the saws. 

In some cases circular saws, 
set with diamonds to serve 
as teeth, are used. After the 
sawing is done, the slabs are 
rubbed with sand and water 270.-— Marble quarry several 

to make them smooth. After- hundred feet deep. 

wards they are rubbed to produce a high polish. The 
quarries at West Rutland, Vermont, are over 300 ft. deep, 
and they have a total underground space of more than 
17 acres. Like limestone, marble occurs in a wide variety 
of colors. 

The shells of such animals as clams, snails, and oysters 
consist largely of calcium carbonate. When the animals 
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die, the shells may become firmly cemented together to form 
large masses of rock. Such processes are now taking place, 
and they also occurred in past geologic ages. Old Fort 
Marion, at Saint Augustine, Florida, is built of a shell rock 
called coquina. (See Fig. 272.) The oldest houses in America 
are built in part at least of such rock. The coral polyp 


Fig. 271. — Sawing marble with toothless metal bands. 

deposits limestone and builds coral reefs and islands. Pearls 
are composed of calcium carbonate. Chalky such as the 
famous chalk-cliflfs of England, is of geologic formation, con- 
sisting of the microscopic remains of small marine animals. 
Blackboard crayon is often composed of clayey material, 
and it should not be confused with calcareous chalk. 

Precipitated chalk is an artificial calcium carbonate 
pared by the action of sodium carbonate on calcium chloride. 

CaCls + NaaCOa CaCOs j + 2NaCL 
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It is soft and finely divided. Thus it forms a non-gritty 
scouring powder, suitable for tooth pastes and powders. As 
whiting, it is used as a fiiller in paints. Ground with linseed 
oil, it forms 'putty. 

467. How Caves or Caverns Are Formed. In Section 110 
we learned that water which has carbon dioxide in it will 
dissolve limestone. When the limestone is carried away by 
the water in which it is dissolved, caverns are formed. The 


Fig. 272. — Varieties of calcium carbonate, including a slab of polished 
marble, fossil-bearing limestone (left), oolite (right), and coquina (center). 

Luray Cavern in Virginia underlies an area of about 100 acres. 
The Mammoth Cave in Kentucky and the Carlsbad Cavern 
in New Mexico are famous for their size. If the earthy 
material above the cavern falls into it, a limestone sink is 
formed. 

The chemical equation that represents the solvent action 
of a carbonated water on limestone is reversible. 

CaCOs + H 2 O + CO 2 CaCHCOs)^. 

Hence, drops of water that contain calcium bicarbonate in 
solution may, as they hang from the roofs of the caverns. 
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lose carbon dioxide and deposit the limestone in icicledike 
masses called stalactites. Upon the floor of the cavern, 
further precipitation may build up masses of calcium car- 
bonate that are called stalagmites. As the stalactites grow 
downward by the continued deposition of material and the 
stalagmites grow upward, they may meet and form columns, 

as shown in Fig. 273. 
The ■ Luray Cavern is 
famous for the beauty 
of its stalactites, col- 
umns, and stalagmites. 

468. How Calcmin 
Oxide Is Made, CaO. 
If we heat limestone 
or marble to a high 
temperature, carbon 
dioxide is driven off as 
a gas, and calcium 
oxide remains. In the 
short flame process of 
making lime, the fuel 
is mixed with the lime- 
stone in a furnace called a kiln. The ash from the fuel con- 
taminates the product and the calcium oxide, or lime, is 
not very pure. Figure 274 is a diagram to show how lime is 
made in a continuous action kiln by the lo^ig flame process. 
Limestone is fed periodically into the kiln through a hopper. 
The fuel is burned on hearths outside the kiln and the 
flames and hot gases are pushed up through the limestone 
on the inside of the kiln. The lime, which is removed from 
the bottom of the furnace, is not contaminated with the ashes 
from the fuel. 

A modern rotary kiln is shown in Fig. 275. Limestone or 
marble scraps are crushed to pieces no larger than a walnut, 
and fed into the upper end of a slowly rotating inclined 


Salisbury's Physiography^ by permission 

— Stalactites and stalagmites in 
Marengo cave. 
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cylinder which may be 8 ft. in diameter and 125 ft. in length. 
As the lumps work their way along the kiln they meet the 
hot gases from the burning fuel, 
which is usually oil or gas. By 
the time they reach the lower 
end of the kiln, all the carbon 
dioxide has been driven off by 
the heat. The lime then drops 
into another rotating cylinder, 
ill which it is cooled. Some of 
the lime is packed in barrels or 
drums for shipment as quick- 
lime-y but in many modern plants 
it is first hydrated or slaked Mid 
then bagged. 

469. Properties and Uses of 
Calcium Oxide. Pure calcium 
oxide is a soft,, white, non- 
crystalline compound. It is 
very . refractory, melting or 
vaporizing , only at the .tempera- 
ture of '.the , electric arc. . It 
unites^ chemically . with water to. 
form ' . .calcium .hydroxide, ' .- or- 
; hydrated dime . . The process is 
mUed^ slaking. 

' CaO; + HsO Ga(OH )2 + 15,540 calories. 


As the lime unites with water it swells up, and large 
quantities of heat are evolved. Wooden containers filled 
with quicklime will burst if the lime gets wet, and the heat 
from the chemical reaction may be sufficient to set the 
wood on fire. 

If a lump of quicklime is exposed to the air, it wnll gradu- 
ally absorb water, swell up decidedly, crack, and crumble to 


Fig. 274. — Sectional view of a 
vertical lime kiln. 
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a powder. It first forms calcium hydroxide, and then slowly 
takes carbon dioxide from the air and forms calcium car- 
bonate. We have left a mixture of calcium hydroxide and 
calcium carbonate called air-slaked lime. It is not suitable 
for use in making mortar or plaster, but it is excellent for 
liming soils. Calcium oxide is used in the making of hy- 
drated lime or slaked lime. 

470. Calcium Hydroxide, Ca(OH) 2 . This product, which 
we have just learned is made by slaking calcium oxide, may 
be prepared by the mason who wishes to use it, or the cal- 


Crushed Lime 
or Marble 


To Storage Bin 
or to Hydration 
Plant 


Rotary Kiln 


Cooling 

.Cylinder 


Boiler 


Pig. 275. — Rotary kiln for making lime. 


cium oxide may be hydrated at the plant where it is prepared. 
The latter practice prevents danger from fire and decreases 
air-slaking during transportation. In the hydrator, which 
consists of a rather shallow rotating cylinder, the quicklime 
is stirred mechanically with just enough water to combine 
with the amount of quicklime present. Some masons claim 
that lime slaked at the plant is not so plastic, and of course 
the consumer pays freight on some added water. 

Calcium hydroxide is a white solid, only slightly soluble 
in water. Its water solution, which is known as lime water, 
is a strong base. Calcium hydroxide is the cheapest base 
that is known. Hence it finds extensive application, being 
used to remove hair from hides before tanning, in the liming 
of soils to neutralize excess acid, in the manufacture of 
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ammonia, in softening hard water, in making glass, and 
bleaching powder, Ellwood Hendrick says that if sulfuric 
acid is the ^^old horse’^ of chemistry, then lime is the ^^old 
mare.’^ A suspension of calcium hydroxide in water, called 
milk of lime, is used for whitewash. 

471* Mortar and Plaster. Large quantities of slaked lime 
are used in making mortar and plaster. Lime mortar con- 
sists of slaked lime, water, and sand. When mortar hardens 
or sets,” it first loses water by evaporation. Then carbon 
dioxide is slowly taken from the air, especially at the surface. 
From the equation representing the reaction, 

Ca(OH )2 + CO 2 CaC 03 + H 2 O, 

we see that calcium carbonate and water are formed. Thus 
the calcium hydroxide gradually changes to a stony mass. 
It requires several years before all the hydroxide is changed 
to the carbonate. The sand mixed with the slaked lime serves 
several purposes: (1) It makes the mortar porous, thus giv- 
ing better circulation of air. (2) It prevents undue contrac- 
tion or shrinkage, and thus tends to prevent cracks and 
checks. (3) It makes the mortar harder and stronger, since 
it really forms hard grains cemented together by limestone 
when the mortar has thoroughly hardened. (4) Sand is 
cheaper than slaked lime, and it increases the bulk of the 
product... 

. Plaster does not differ much in composition from mortar. 
Sometimes hair or wood fiber is added to plaster to make it 
cling together better until hardening occurs. To make a 
harder mortar or plaster, cement is often substituted for 
part or all of the lime. Cement mortar will resist weathering 
to a greater degree than lime mortar. Walls plastered with 
cement mortar are not affected by water. 

472. Cement and Concrete. In 1824 a Yorkshire brick- 
layer took out a patent for making Portland cement. He 
had heated chalk with clayey mud from the River Medway. 



ALKALINE EARTH GROUP 


Fig. 276, — Rotary cement kilns. 

water. Rocks that form cement in this manner are known 
as natural cements. 

The present practice is to make an artificial cement by 
mixing limestone and clay in the proper proportions, to heat 
the mixture until it just begins to melt and form a clinker, 
and then grind the product to a very fine powder. The 
original mixture is ground, and then heated in a rotary kiln 
very similar in construction to a rotary lime kiln. (See 
Fig. 276.) Powdered coal, gas, or oil may be used as a fuel. 
By the time the mixture reaches the lower end of the kiln, 
it has been heated until it begins to melt. The clinker that 
leaves the kiln is ground so fine that at least 92% should 
pass through a lOO^mesh sieve. To prevent too rapid setting, 


When his product hardened, it had the appearance of a lime- 
stone quarried near Portland, Hence the name Portland 
cement.” Several limestones are found which contain a con- 
siderable percentage of clay. When they are heated and 
then pulverized, they form what is now called hydranUc 
ceme7it, or merely cement. Such a cement hardens under 
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2 or 3% of gypsum is usually ground with the clinker. The 
strength of cement mortar and of concrete seems to depend 
to a large e.\tent upon the fineness of the finished product. 

The hardening of cement is not understood. The first 
step appears to be partially due to the union of the com- 
ponents with water to form hydrates. Some believe that 
the action is colloidal, because it is possible to make a gel 
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Reinforced concrete is concrete that is strengthened by 
embedding in it rods of iron or. steel. (See Fig. 277.) It is 
extensively used in structural work. (See Fig. 278.) Con- 
crete is sometimes applied by means of an atomizer or cement 
gun. Figure 279 shows the use of such a gun for spraying 
the walls along a railroad cut. The United States produces 
about 100,000,000 barrels of cement annually. As timber 


Pia. 278. — Steel wire in position for reinforcing concrete. 

becomes scarce and the prices continue to increase, the 
applications of cement become more varied and the quantity 
manufactured continues to increase. Pebbles and cement 
mortar are used for making stucco, which is used for making 
the walls of buildings. 

473. Calcium Sulfate, CaS 04 . 2 H 2 O. Calcium sulfate 
occurs in nature in the mineral gypsum, which is found in 
Kansas, New York, Ohio, and Michigan. Transparent 
crystals of gypsum are known as selenite. A white opaque 
variety, known as alabaster, is used for making statuary. 
It is durable, and since it is so soft that it can be scratched 
with the thumb nail, it is one of the easiest minerals to carve. 

When gypsum is heated to a temperature of 110^" to 130° C., 
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it loses part of its water of crystallization, and forms a white 
substance known as plaster of Paris. 

2CaS04.2H20 (CaS04)2.H20 + SHaO. 

When plaster of Paris is mixed with water, it sets rapidly by 
taking on water and forming crystals. It thus hardens to a 
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Fig. 279. — Concrete atomizer in operation. 


white solid that finds use in making casts, in plastering where 
it is mixed with lime to form a very white coating, and in 
making a decorative stucco, which also contains glue and 
stone. Large quantities aare .used in making wall-board or 
plaster board. 

Impure gypsum finds use as a fertilizer under the name of 
land plaster. It is sometimes employed to counteract the 
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'“black alkali ’’ that forms in some arid soils. Calcium sulfate 
also finds use in calcimining, and as a filler for paper and 
paints. , 

'474. ' 'Bleaching Powder, CaOCL. , This compoimd is made 
by passing chlorine over thin layers of freshly prepared 

calcium hydroxide. 
The chlorine enters 
the top of the cham- 
ber (Fig. 280), where 
it is absorbed by the 
calciuni hydroxide. 
A iiy ii 11 ab s o rb e d 
chlorine passes on to the next chamber. The chamber is aired, 
and the bleaching powder is packed into metal cans or drums. 
The product is not very stable and gas is slowly evolved. 
Enough gas may accumulate to expel some of the grayish 
white powder forcibly when a can is opened. Care should 
be used to protect the eyes when opening cans of “chloride of 
lime’’ that have stood for some time. The moisture and car- 
bon dioxide from the air act upon bleaching pow^der with 
the evolution of hypochlorous acid, HCIO. Hence it is a good 
disinfectant- Large quantities are used for purifying water 
supplies, as a disinfectant, and in the bleaching industry. 

★ 475. Other Calcium Compounds. Several calcium com- 
pounds have already been studied. Calcium phosphate, 
Ca 3 (P 04 ) 2 , used for making fe35bili25er; calcium carbide, CaCs^ 
a product of the electric furnace, used for making acetylene; 
calcium cyanamide, CaCN^, usqd as a fertilizer and for making 
ammonia; and calcium chloride, Cb^GIo, used as a dehydrating 
agent. Calcium bi-sulfite, Ga(HS03)2? is a compound which 
finds extensive use in the making of print paper. 

C. BARIUM AND STRONTIUM 

★ 476. Barium and Strontium. These elements are found 
in nature as sulfates and as carbonates. Barium sulfate, 



Fig. 280. — Chambers for making bleaching 
powder. 
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BaSO/iji is a whit© heavy solid that finds use in a variety of 
indiisti ies. It is used as a filler in making heavy paper, and 
also in paints. Formerly it was considered an adulterant in 
paints, but it has been shown that it increases the durability 
and wearing equalities of paints. Considerable Quantities of 
barium sulfate are being used in making lithopone^ a white 
pigment. The gray paint used for our battleships contains 
about 45% of barium sulfate. Barium peroxide j Ba02, is a 
vigorous oxidizing agent; it is used in making hydrogen 
peroxide. Barium nitrate, Ba(N 03 ) 2 , is a white crystalline 
solid. Since barium compounds impart a yellowish-green 
^color to the flame, they find considerable use in making flares 
and other fireworks. The nitrate is generally used. 

Strontium imparts a bright red color to the flame. There- 
fore its compounds are used as red fire in pyrotechnical 
displays. Strontium nitrate, Sr(]Sr 03 ) 2 , mixed with powdered 
shellac and lycopodium powder, makes a beautiful red light 
for tableaux. The oxides of barium and strontium are used 
to coat the platinum alloy filament in vacuum tubes. A 
single layer of barium atoms on the surface of the alloy in- 
creases the yield of electrons more than 100,000,000 times 
that produced by the alloy alone. 


SUMMARY. 

Calcium, barium, and strontium are known as the alkaline earth 
group of metals. Their bases are strong alkalis. Each element 
has a valence of 2. 

Calcium may be extracted by the electrolysis of the fused 
chloride. It is a silver-white metal that attacks water slowly, 
liberating hydrogen. 

Calcium carbonate is used as limestone for building purposes, 
as a flux, in making glass, for producing carbon dioxide, and in 
the manufacture of quicklime. 

Calcium oxide, or quicklime, is a soft, white solid that unites 
with water to form the base calcium hydroxide. 
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■ When a. cheap base is needed for industrial operations, calcium 
hydroxide is generally used. For softening hard water, for re- 
moving hair from hides, for making ammonia and bleaching 
powder, and in the preparation of mortar, calcium hydroxide is 
used extensively. 

Mortar is a mixture of slaked lime, sand, and water. Cement is 
often used to take the place of part or all of the lime in making 
mortar. Hence we have lime mortar and cement mortar. Plaster 
differs little in its composition from mortar. 

Cement is prepared by heating a mixture of calcium carbonate 
and clay and then reducing the product to a very fine powder. 
With sand, crushed stone, and water, it forms concrete^ a sub- 
stance largely used for building materials. Concrete may be 
reinforced by having embedded in it bars of iron or steel. 

Calcium sulfate is used as a fertilizer and in the manufacture of 
piaster of Paris. 

Barium' and sirontium compounds are used in the manufacture 
of firew^orks. 

QUESTIONS 
Geoup a 

1. Why do the walls of freshly plastered houses remain damp 
for some time? 

2. W'hy is air-slaked lime not desirable for making mortar? 

3. What action occurs when marble is strongly heated? 
Write the equation. 

4. Does marble make good lime? Is it ever used for this 
purpose? 

6. Compare the “setting” of mortar, plaster of Paris, and 
cement. 

6. Could barium hydroxide be substituted for calcium hy- 
droxide as a base? 

1 , How can the flame test be used to identify sodium, potas- 
sium, barium, and strontium? 

8. ■ Why should care be taken to protect the eyes when opening 
cans of “chloride of lime”? 
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9. Explain how the building trades would suffer if deprived of 

calcium, compounds. 

10. rite the equation to represent the reaction between sodium 
carbonate and calcium sulfate that occurs during the softening of 
^‘‘permanent'’'’ hard water. 

11. Write the equation to represent the reaction that takes 
place when slaked lime is added to “temporary"’ hard water that 
contains calcium bicarbonate. 

12. Quite often lime \vater is added to milk given to bottle-fed 
babies. Explain. 

Group B 

13. Would limestone be completely converted into lime by 
heating it in a closed tube? Explain. 

14. Why does a wood fire aid the hardening of the plaster in a 
new house? 

15. Why does blowing air or steam into a lime kiln hasten the 
production of lime? 

16. What is meant b}^ air-slaked lime? Write the equations to 
show how it is formed from quicklime. 

17. Suppose you had a truck-load of quicklime in wooden bar- 
rels that ^vere not water-tight. If they started to burn when you 
got caught in a thunderstorm, how would you put out the fire? 

18. Suppose you have separate samples of “temporary” and 
/‘permanent” hard waters. How would you proceed to soften 
each one? Write the equations. 

19. If you were given a sample of hard water that contains 
calcium sulfate and magnesium bicarbonate, how would you pro- 
ceed to soften such a water? 

20. What is the meaning of the term “hydraulic cement” and 
: why is it used? 

21. A large chemical plant at Lake Charles, Louisiana, manu- 
factures the hydroxide and the carbonates of sodium. Oyster 
shells are used as raw materials. They are heated in a rotating 
kiln some 12 to 14 feet in diameter and 360 feet long. What is the 

chemical formula of the solid product formed? 

22. What gas is collected in the process of No. 21? Write the 
equation for the reaction. 
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PROBLEMS 
Group A 

t. How many pounds of calcium oxide can be obtained from 
one. ton of limestone, 95% pure? How many pounds of slaked 
lime will it make? 

2. How much weight will 200 lb. of gypsum lose when it is- 
converted into plaster of Paris? 

Group B 

3. Starting with calcium carbonate, write all the equations for 
the preparation of calcium oxide, calcium hydroxide, and calcium 
chloride. If you started with 250 gni. of pure calcium carbonate, 
how many cubic centimeters of hydrochloric acid containing 38% 
HCl would be needed to convert the carbonate into the chloride? 
One c.c. of hydrochloric acid weighs 1.2 gm. 

4. How many liters of carbon dioxide are formed by heating 
540 gm, of limestone that contains 10% impurity? 


CHAPTER 33 

THE MAGNESIUM FAMILY 


Vocabulary 

Malleable. Capable of being hammered or rolled into sheets. 

Ductile. Capable of being drawn into wire. 

Spelter. The name given to commercial zinc. 

Emetic. A substance used to induce vomiting. 

Actinic. Those rays present in the sun’s rays that are capable of 
producing a chemical effect. 

Fouling. Gro’wth of barnacles and other marine animals on the hull 
of a ship. 

477. Introductory. The magnesium family of elements 
includes: magnesium, zinc, cadmium, and mercury. The 
resemblance that is so marked in the families of elements 
that we have studied is not so close in this family. For 
example, in many respects magnesium is more like calcium 
than it is like zinc. In some respects it is much like zinc in its 
chemical properties. Mercury is like copper in some of its 
chemical properties. Magnesium is an active metal, but 
mercury is very inactive. The usual valence of the elements 
in this family is 2, but mercury sometimes has a valence of 
'only 1. ■ 

A. MAGNESIUM 

/478. HoW' Magnesium Is Found -in Nature. Magnesium 
sulfate occurs in some of our western states and in British 
Columbia. About 30 tons of 95% magnesium sulfate are 
mined daily in Washington. Dolomite is double carbonate 
of calcium and magnesium. It forms an excellent building 
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stone. It is widely distributed in the United States and in 
Europe. In the Tyrols of Austria there are mountain 
ranges made up almost wholly of dolomite. Tah and 
asbestos are magnesium silicates. Asbestos is mined exten- 
sively in the province of Quebec. (See Fig. 281.) It is a re- 
markable mineral that can be woven into cloth. It finds use 
for making shingles, furnace and steam-pipe coverings, auto- 


Photo by Ewing Qcdloway 

Fig. 281. — The King Pit asbestos mines at Thetford Mines, Quebec. 


mobile brake bands, fireproof clothing and curtains, electrical 
insulation, and motion-picture booths. (See Fig. 282.) Car- 
mllitef a double chloride of potassium and magnesium, is 
found in the Stassfurt deposits. 

★ 479. How Magnesium Is Extracted. The element 
magnesium is extracted by the electrolysis of the fused 
chloride, or of carnallite, in an iron crucible that serves as 
the cathode. A graphite rod is used as the anode. The 
metal is usually powdered for the market or drawn into 
wire or ribbon. 
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480. Properties of Magnesium. A silver-white metal, 
niagnesiuiii is only 1.75 times as dense as water. . It is ductile 
and malleable when heated. Magnesium is not acted upon 
by dry aii, but in moist air a coating of basic carbonate 
This coating does not scale off the way 
rust does, but it protects the metal underneath from 
A metal that forms such a non-porous, 


forms on its surface, 
iron 

further tarnishing, 
non-scaling coat is said 
to be ^^self-protective.'^ 

In air, magnesium burns 
readily and forms a 
mixture of the oxide and 
some nitride, Mg 3 N 2 . 

It is one of the few 
metals that combines 
directly with nitrogen. 

Magnesium decomposes 
hot water slowly with 
the liberation of hydro- 
gen. All common acids 
attack the metal and 
form , salts. 

481. Uses of Magne- 
sium. When magne- 
sium burns, it produces 
a dazzling white light that is rich in acHmc rays. Such rays 
are active in producing a chemical effect, upon a photo- 
graphic plate, for example. Hence, powdered magnesium 
mixed with an oxidizing agent has been used for flashlight 
powders. It finds use for making flares and in fireworks. 
During the World War it was used for flares and star-shells. 

Magnesium forms with aluminum alloys that are light and 
strong. Magnalium and dowmetal are examples of such alloys. 
They find use in airplane and automobile parts, for the beams 
of delicate chemical balances and for novelty articles. 


Photo by Ewing Galloway 

Fia. 282 . — ' Note the fibrous structure 
of the asbestos. The white strata are the 
asbestos fibers. 
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482, Magiiesitim Oxide, MgO. This is a white, re- 
fractory compound that finds extensive use for lining furnaces 
and crucibles, and for making fire brick. It is made by heat- 
ing magnesite, MgCOs, a mineral found extensively in nature. 

MgCOs -> MgO + COo i . 

The reaction is analogous to that for making quicklime. 
Mag'ueda, a common name for the oxide, unites with water 
and forms magnesium hydroxide, i\Ig(OH) 2 . The hydroxide 
is not vei;Y soluble in water, but a suspension of the oxide and 
hydroxide is used as a laxative and antacid under the name 
of ^‘milk of magnesia.^^ The oxide and the chloride of 
magnesium are used with wood fiber or asbestos to form a 
compound that finds use for artificial stone floors. 

483. Magnesium Carbonate, MgCOs. The carbonate 
found in nature is used for lining furnaces. When one adds 

a soluble carbonate to a com- 
pound of magnesium, the normal 
carbonate is not precipitated. 
One always gets one of the basic 

Fiq. 283 . -Heat insulator. Carbonates of magnesium. One 

of these basic carbonates is a 
soft, light, fluffy powder that finds use in making tooth 
pastes, silver polish, and cosmetics. It is called magnesia 
alba, A crude product that has an exceedingly loose structure 
is used for covering steampipes. It is so light that it is 
about 90% pores. It is an excellent heat insulator, which 
is sold under the trade name of ^^85 per cent magnesia.^^ (See 
Fig. 283.) 

★ 484. Magnesium Chloride, MgCb. This compound, 
which is used in making artificial stone for flooring, is 
present in sea water. When sea water is heated, this chloride 
hydrolyzses and some hydrochloric acid is formed. For that 
reason sea water cannot be used for steam engines, because 
the acid that is formed attacks the boilers, and the mag- 
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nesium hydroxide that is formed at the same time is deposited 
as scale. 

485. Magnesium Sulfate, MgSOi . THgO. This com- 
pound of magnesium was first extracted from the waters of 
a mineral spring near Epsom, England. Hence it is known 
as Epsom salts. It is used in medicine as a laxative. It 
finds some use in the dye industry. 

B. ZINC 

486. Occurrence. The United States produces about 
one-haE of the zinc that is produced in the world. Oldahoma, 
New Jersey, Montana, Kansas, and Missouri are the most 
important zinc-producing states. A sulfide of zinc, known 
as sphalerite, or zinc blende, is an important ore, but the 
metal is also extracted from a carbonate ore known as 
smithsoniie, and from certain silicates of zinc. Franhlinite, 
an oxide of zinc that is mixed with the oxides of iron and 
manganese, is found in New Jersey. 

487. How Zinc Is Extracted. The method of extracting 
zinc is a simple one of reduction. The ore is converted into 
the oxide by roasting, then mixed with powdered coal, and 
heated in earthenware retorts. (See Fig. 284.) The following 
equation represents the reaction that occurs: 

ZnO + C Zn + CO t • 

The zinc vaporizes and it is condensed in iron or earthen- 
ware receivers. Some of the zinc is deposited as zinc dust 
in the upper part of the receivers. The liquid zinc is drawn 
off at the bottom of the receiver and cast in molds. The 
spelter thus formed contains arsenic, carbon, and cadmium as 
impurities. It may be purified by distillation. Sometimes 
it is purified by electrolysis. 

488 . Properties of Zinc. Zinc is bluish-white in color. 
At ordinary temperature it is somewhat brittle, but at a 



Fig. 284. — Retorts used in extracting zinc. 

readily attack zinc that contains a trace of impurity. The 
active bases, sodium and potassium hydroxides, dissolve 
zinc with the evolution of hydrogen. Soluble zincates, which 
may be considered salts of zincic acid, are formed, as repre- 
sented by the following equation: 

Zn + 2NaOH ^ NaaZnOa + Ha T • 

489. Uses of Zinc. Of course we would expect to find 
that zinc is the starting point for the making of its com- 
pounds. Enormous quantities are used in making zinc 
oxide, for example. 
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slightly increased temperature it becomes malleable and 
ductile. If heated, it may be rolled or drawn; when it is 
subsequently cooled, it does not become brittle. 

Zinc burns in air with a bluish-white flame and forms zinc 
oxide. Dry air does not affect zinc, but moist air attacks it 
and forms a basic carbonate. The tarnish that forms is 
adherent. Hence, zinc is a “self-protective” metal. Chemi- 
cally pure zinc is attacked slowly by acids, but ordinary acids 
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Fig. 285 . — The workman at the left shoves the article to be galvanized 
into the left portion of the vat and it is removed by the other man. The 
molten zinc in the left compartment is covered with a layer of sawdust 
and ammonium chloride. 


plated on the surface of the metal by means of electrolysis. 
This method is more costly than the dipping process. 
(3) Sometimes the zinc is heated to vaporize it. Then 
the zinc vapor is permitted to condense upon the surface 
of the object to be coated. This process is known as 
sherardizing , 

Let us turn to the replacement series and observe the 
position of zinc in the series. We find it near the electro- 
negative end of the series. No metal is so well-fitted as zinc 
for use as the negative element in voltaic cells. Practically 


Large quantities are used for making galvanized iron. 
The iron is thoroughly cleaned by “pickling’’ it in an acid 
bath to remove scale and tarnish. Then it is covered with 
zinc by the use of any one of three methods: (1) It may be 
dipped into a vat of molten zinc. (See Fig. 285.) Wire is 
galvanized by drawing it through a bath of melted zinc, as 
shown in Fig. 286. The zinc that adheres to the iron after 
dipping is beautifully crystalline. (2) Sometimes zinc is 
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all types of voltaic ceOs use zinc as the negative plate. The 
metal cylinder of the dry cell is composed of zinc. 

Since all the soluble salts of zinc are poisonous, acid foods 
should not be stored in galvanized iron containers. 

490. The Alloys of Zinc. The most important alloy of 
zinc is brass, which contains zinc and copper. Bronze con- 
tains copper and tin; sometimes zinc is added. German 


Fig. 2S6. — Iron wire is unrolled, passed through a vat of molten zinc, 
and then re-rolled after the galvanizing process. 

siher, or nickel silver, is an alloy containing copper, nickel, 
and zinc. 

491. How to Test for Zinc. When zinc is heated on the 
surface of a charcoal block, or a block made from plaster of 





If this mixture of precipitates is heated and then plunged 
into cold water, the product formed may be ground witli 
linseed oil to form an excellent paint base. It is a brilliant 
white of excellent covering power. 
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cobalt nitrate solution and again heated, a dark-green vemdue 
is formed. This makes a fairly satisfactory test for zinc. 

492. Zinc Oxide, ZnO. The oxide of 'zinc may be pre- 
pared by roasting the sulfide ore, or it may be prepared by 
burning the metal itself. It is a white solid that is used as 
a paint base, as a filler in rubber for automobile tires, in 
oilcloth, and for glazes and enamels. Zinc ointment contains 
zinc oxide and zinc stearate in a base of some kind of grease. 
The advantages and disadvantages of zinc oxide as a paint 
base are discussed in a later chapter. 

493. Zinc Chloride, ZnCL. This salt of zinc, which is a 
white, deliquescent solid, finds use in preserving wood that 
is to be used in contact with the earth, such as railroad ties, 
fence posts, etc. Sometimes it is used with creosote. Such 
a doubly treated post or tie is very resistant to decay. Zinc 
chloride is used as a soldering fluid. Zinc chloride attacks 
wmod fiber and converts it into cellulose hydrate, a product 
that can be pressed into any desired shape and then dried. 
This strong, tough product, which is called fiber boards or 
‘‘vulcanized fiber,” is employed in making boxes, trunks, 
washers, pails, and insulating materials. 

★ 494. Zinc Sulfate, ZnS 04 . This compound of zinc is a 
white crystalline solid used in making lithoponej a paint base. 
It also finds use in making cotton print goods, as a disin- 
fectant, and to some extent in medicine as an emetic. 

495. Zinc Sulfate, ZnS. This is the only common sulfide 
that is white in color. If solutions of barium sulfide and 
zinc sulfate are mixed, two white insoluble products are pre- 
cipitated together, zinc sulfide and barium sulfate. 

BaS + ZnS 04 — ^ BaS 04 i + ZnS i . 
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★ If we try to precipitate zinc sulfide by adding hydrogen 
sulfide to a solution of zinc chloride, the precipitation is in- 
complete: 

ZnCla + HaS ^ ZnS + 2HC1. 

Zinc sulfide is insoluble in water, but in the reaction shown 
above, hydrochloric acid is being formed at the same time 
the zinc sulfide is being precipitated. When the concentra- 
tion of the hydrogen ion becomes sufficiently great, no more 
zinc sulfide can be precipitated and equilibrium occurs. 

If we add to a solution of zinc chloride some ammonium 
sulfide, then the precipitation of the zinc sulfide is complete, 

ZnCla -f (NH4)2S ^ZnS I -}- 2NH4CI, 

because we have no hydrogen ions formed that will cause 
the reaction to reverse. 

C. CADMIUM 

★ 496. Cadmium, Cd. This element is usually found in 
nature associated mth zinc. It resembles magnesium and 
zinc in its properties. Cadmium finds use in making some 
of the fusible alloys. This metal forms a durable coating for 
iron and steel. Cadmium sulfide, CdS, is a fine yellow com- 
pound that finds use as an artist’s color. 

D. MERCURY 

497. How Mercury Is Found in Nature. Small quan- 
tities of mercury are found uncombined, but the chief ore 
IS mercuric sulfide, HgS, a red mineral known as cinnabar. 
Spain, Italy, California, and Texas produce the bulk of the 
mercury for the world’s supply. The metal is so easily re- 
duced that It was known to the ancients. It is extracted 
from cinnabar by roasting the ore. 

HgS + O2 -s- Hg + SO2 t . 

Mercury is purified by distillation. 
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498. Physical Properties. Mercury is a heavy, silver- 
white metal with a metallic luster. It is the only metal that 
is liquid at the ordinary temperature. It is commonly called 
quicksilver. Mercury freezes at about - 39° C., and it boils 
at 357 C. It is 13.6 times as dense as water. Hence such 
common metals as zinc, iron, copper, tin, and lead float on 
mercury. Gold and platinum are so dense that they sink 
in mercury. 

499. Chemical Properties. Mercury does not tarnish 
when exposed to the air. If heated, however, it slowly 
changes to a red powder, mercuric oxide, HgO. The student 
will recall that Lavoisier prepared this red powder in his 
experiment to explain combustion, and that Priestley pre- 
pared oxygen by heating the powder. Since mercury stands 
below hydrogen in the replacement series, it cannot displace 
hydrogen from hydrochloric acid. Hydrochloric acid does 
not attack it at all. The strong oxidizing acids, nitric and 
sulfuric, attack mercury and form salts of the respective 
acids. 

600. Uses of Mercury. The following properties of mer- 
cury make it suitable for use in thermometers: (1) It has 
quite a low freezing point and a high boihng point; (2) It 
has a much higher coefficient of expansion than glass ; (3) Its 
expansion is quite uniform, especially between 0°C. and 
100° G. To illustrate, a column of mercury increases the 
same amount when heated from 20° to 21° C. that it does 
when heated from 40° to 41° C. Mercury is suitable for use 
in barometers since it has so high a specific weight. Mercury 
is a fairly good conductor of electricity; it is convenient for 
such use when a good contact is desired. Mercury finds 
some use in the collection of soluble gases and in certain 
kinds of air-pumps. Mercury is also used in the various 
types of mercury vapor arc lamps and in arc rectifiers, and 
in the manufacture of fulminating mercury. 

With many other metals mercury forms alloys known as 
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amalgams. In extracting ■ gold and silver^ the powdered 
mineral containing these precious metals is treated with 
mercury to form amalgams from which the gold and silver 
may' be recovered by distilling the mercury. An amalgam 
consisting largely of silver, tin, and mercury is used for 
filling teeth. The zincs used in voltaic cells are amalga- 
mated with mercury to prevent local action between zinc and 
its impurities. Amalgams appear to be solutions of metals 
in mercury, or in some eases definite compounds. 

501. Compounds of Mercury., Mercurj^ forms two classes 
of compounds: mercurotis, in which the valence of the ele- 
ment is 1; and mercuric, in which the valence is 2. The 
chlorides of mercury are the most useful compounds of this 
element. 

Mercurous chloride, Hg 2 Cl 2 , is a white solid, quite insoluble 
in water. It is used in medicine as a liver stimulant under 
the name of calomel. When exposed to the light, this chloride 
forms mercuric chloride and metallic mercury. Calomel 
tablets that have been darkened by exposure to light 
should never be taken, since mercuric chloride is extremely 
poiso7ioiis. 

Mercuric chloride, HgCb, forms beautiful white crystals. 
This chloride, wliich is commonly called the bichloride of 
mercury or corrosive sublimate, dissolveB quite readily in 
water. One part of the salt to 1000 parts of water forms a 
good antiseptic solution, although other less poisonous dis- 
infectants are known. Sometimes it is used medicinally, 
but the dose is -it of a grain, and there are 7000 grains in 
an avoirdupois pound. Bichloride of mercury tablets have no 
place in the family medicine cabinet The whites of raw eggs, 
or raw milk, may be used as an antidote for mercury poison- 
ing, since the mercury combines with the albumin of the 
eggs or milk to form an insoluble compound. 

★ Mercuric oxide, HgO, finds some use as red precipitate, 
and mercuric sulfide, HgS, may be sublimed to form a red 
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solid used as a pigment under the name vermilion. ^ Mercury ' 
pigments, have been used on the bottoms of ships to prevent 
fouling. 

Nearly all compounds of mercury are antiseptic, but they 
are so heavy that they do not penetrate tissues readily. Dye- 
stuffs do penetrate tissues readily. Therefore the Medical 
School of Johns Hopkins University prepared mercuTochrome 
by introducing mercury into the molecule of fluorescein, a 
dye-stuff of great penetrating power. This compound finds 
use . as an antiseptic. 


SUMMARY 

This family of elements includes magnesium, zmc, mdniiim, 
and mercury. They range from the active metal magnesium to 
the inactive metal mercury. The group valence is 2, althougii 
mercury sometimes has a valence of 1. 

Magnesium occurs in dolomite ^ asbestos, talc, and camallite. It 
is extracted by electrolysis of camallite, a double chloride. 

Magnesium is an active silver-white metal. It burns with an 
intense white light. In moist air, it forms a protective coating 
of the basic carbonate. It finds use in fireworks, flashlight 
powders, and in making the alloy magnalium. The oxide, sulfate, 
and several natural silicates are important compounds of 
magnesium. 

Zinc occurs in nature as the sulfide, the carbonate, and the 
oxide. It is extracted by roasting the ore and then heating the 
ore with a mixture of powdered coal. 

Zinc is bluish white. It is self-protective; hence it forms a 
good coating for protecting iron, Q>B m galvanizing. It interacts 
with acids easily. Zinc oxide is an important paint base. Zinc 
chloride is a wood preservative. Brass, bronze, and German silver 
are alloys of zinc. 

Mercury occurs as the sulfide. It is extracted by roasting the 
ore. It is the only liquid metal. Mercury is inactive, but it is 
attacked by strong oxidizing acids, such as nitric and sulfuric. 
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Mercury finds use in the manufacture of scientific instruments. 
Its alloys are called amu^gfams. 

Mercury forms two chlorides: mercurous chloride ^ or calomel; 
mercuric chloride^ or corrosive sublimate. Mercuric sulfide is a red 
pigment known as vermilion. 

QUESTIONS 
Group A 

!• Account for the explosive nature of flashlight powders. 

2. Name two important alloys of zinc; of bismuth; of an- 
timony. Of what is each one composed? 

3. What is meant by a refractory? Give two or three ex- 
amples. 

4. Why should active poisons never be kept in medicine 
cabinets? What do you think of the idea that dangerous poisons 
be dispensed in irregularly shaped bottles? 

5. Name three methods used to prevent the decay of wood. 

6. What properties has mercury that makes it suitable for use 
in thermometers? In barometers? 

7. What is meant by a heat insulator? Name as many 
places about the house as you can where heat insulators are 
desirable. 

8. How would you treat a case of poisoning by a salt of 
mercury? 

9. What is meant by the term ^'self-protective” as applied 
to a metal? 

Group B 

10. Write the equation to represent the chemical action that 
occurs when a strip of zinc is immersed in a solution of copper 
nitrate; in a solution of mercuric nitrate. 

11. Hydrogen sulfide turns white lead black. Why does it not 
discolor zinc? 

12. Would you expect a solution of zinc chloride to give an 
acid or an alkaline reaction? Why is such a solution suitable for 
use in soldering? 

' 13. What compound do you think would be formed by heating 
a mixture of mercuric chloride and mercury? 
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14. Give three methods of preparing zinc sulfate. Write the 
equations ill each' case. 

15. Make a list of as many applications of the mineral asbestos 

as you can find. 

16. Why is cadmium plating superior to galvanizing for cer- 
tain purposes? 

PROBLEMS 
Group A 

1. How many pounds of mercury can be obtained by roasting 
one ton of 85% mercuric sulfide? 

2. How many pounds of zinc oxide can be made from 1500 lb. 

of zinc? ' . 

Group B 

3. How many pounds of cadmium sulfide can be precipitated 
by adding an excess of a soluble sulfide to 100 lb. of cadmium 
chloride? 

4. How many liters of hydrogen sulfide will be needed to 
precipitate all the mercury from 1000 gm. of a 10% solution of 
mercuric chloride? 


CHAPTER 34 


THE ALUMINUM FAMILY 

Vocabulary 

Tenacious. Cohesive; not easily pulled apart. 

Mauve. A purplish color. 

502. Introductory. There are several elements in this 
family, but the only ones that have aii}^ great commercial 
importance are boi^on and aluminum. Boron is realty an 
aad-forming element that resembles silicon to some extent 
in its chemical properties. Aluminum is generally considered 
a base-forming element, but its hydroxide may also ionize as 
an acid. Its hydroxide is amphoteric. Both elements have a 
valence of 3. 

A. BORON 

503. Boron and Boric Acid. In the alkaline desert regions 
of southern California and Nevada extensive beds of borax, 
or sodium Mraborate, Na 2 B 407 . lOHoO, are found. Coleman- 
itej a calcium borate, Ca 2 B 60 u . 5 H 2 O, is a more important 
boron mineral than borax. Several hundred tons of this 
mineral are mined daily in Death Valley, California, and 
treated with sodium carbonate to remove the calcium, and 
prepare borax. These beds, mth some iilexitej a double salt 
of sodium and calcium borate, supply the boron needed for 
the boric acid and borax industries. 

The element boron has been isolated, but it has no indus- 
trial applications. Boric acid^ H3BO3, crystallizes in nearly 
colorless, lustrous scales. It occurs in nature in volcanic 
regions, especially in Tuscany, where it issues from the earth 
in steam jets. Boric acid is a weak acid that lias antiseptic 
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5. It is so weak that it may be introduced into 
¥ith safety. It finds use as an eye-wash and a 
ish. Boric acid imparts to a colorless flame a 
green color. Norbide^ a carbide of boron having the 


Fig. 287. — The mixture for enameling is fused, poured into cold water, 
and then powdered. The iron pan is dipped into a suspension of this 
powUer in water and then heated in a furnace long enough to fuse the 

coating,'.' , ■ ■ ■. ■ ■ 

formula B 4 C, is the hardest synthetic compound that has 
ever been made. It finds use as an abrasive. 

504. Borax, or Sodium Tetraborate, Na 2 B 407 . This is 
doubtless the best known of the boron compounds. Around 
the household, it is used to soften hard water. It finds some 
use as a mordant and as an antiseptic. It dissolves metallic 
oxides; hence, it is useful as a flux in soldering, and to pro- 
vide a clean metallic surface for welding metals. The 
borates of certain metals are used for making glaze.s and 
enamels. Figure 287 shows some enamel ware that has just 



564 


THE ALUMINUM FAMILY 


been removed from the furnace. We have already learned 
that pyrex glass is a boro-silicate glass. 

505. The Borax Bead Test. If we make a small loop in the 
end of a platinum wire, dip it into powdered borax, and then 
heat it, the borax will first swell up to several times its former 
size, and then fuse to a clear, colorless glass-like bead. Such 
a bead may be heated with a small speck of some metal or 
metallic compound, such as cobalt nitrate, Co(N 03 ) 2 . In 
the oxidizing flame, the oxide of the metal is formed and it 
dissolves in the borax bead, imparting to it a color that 
depends upon the metal used. Cobalt produces a blue bead, 
nickel a brown bead, and chromium a green one. This borax 
bead test may be used to identify certain metals. 

B. ALUMINUM 

506. Properties of Aluminum. Aluminum is a white metal, 
less than three times as dense as water. It is only one-third 
as dense as iron. Aluminum is ductile and malleable, but it is 
not so tenacious as brass, copper, or steel. It ranks with 
the best conductors of electricity; silver, copper, and gold 
are the only metals that surpass aluminum in this respect. 
Aluminum may be welded, cast, or spun, but it can be sol- 
dered only with difliculty, and by the use of a special solder. 

Aluminum takes a high polish, but it soon becomes covered 
with a very thin coating of aluminum oxide. This gives the 
metal a slight bluish tint. The color of the oxide resembles 
that of the metal so much that many persons believe that 
aluminum does not tarnish at all. The oxide is adherent, 
and the metal is self-protective. Hydrochloric acid and hot 
sulfuric acid attack aluminum and form salts of the respec- 
tive acids. Nitric acid hardly affects it at all. Salt water 
corrodes aluminum rapidly, and the strong bases interact 
with it, forming sodium aluminate and hydrogen. The equa- 
tion follows: 

2A1 + 6NaOH 2 Na 3 A 103 + SHs T . 
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507, Uses of Aluminum. To some extent aluminum is 
used instead of copper for electrical conductors. It is a i' 

poorer conductor than copper, but the wires can be made 
larger to reduce the resistance and yet the wire will be lighter 
than a copper wire that carries the same current. Thus the 
strain upon the support for the conductor is less. The alu- 
minum flashlight bulbs are more convenient to use than 
flashlight powders, and the products of combustion cannot 
; escape into the air to irritate the throats and lungs of persons 

; in the room. Such bulbs contain aluminum foil, crumpled 

to give a large surface, and enough oxygen to oxidize the foil 
completely. The foil burns with an intensely white flame 
when ignited by the hot filament. 

; Powdered aluminum finds use as a paint; it serves to pro- 

1 tect the surface of iron, as in the “silvering’^ of radiators. For 
I wrapping food and candy, aluminum foil is being used to take 
the place of tin foil. Many small novelty articles are made of 
; aluminum. For several reasons aluminum finds favor in the 

! manufacture of cooking utensils of all kinds: (1) It is light 

and durable; (2) It is a good conductor of heat; (3) It is 
easily kept clean; (4) The tarnish is much the same color as 

i the metal, and the salts of aluminum that may be formed in 
cooking acid fruits and vegetables are non-poisonous. 

508. Alloys of klumhmm. Duralumin is an alloy of 
aluminum, copper, and manganese that is less than half as I 

dense as steel and nearly as strong. It may contain a small 
; per cent of magnesium. It finds extensive use in making the ! 

framework of dirigibles and airplanes and in other places j 

where a strong, light alloy is needed. The framework of 
the Los Angeles is made of this alloy. (See Fig. 288.) Mag^- 
: nalium is an alloy of magnesium and aluminum that was 

mentioned under magnesium. There are several alloys of 
aluminum and copper known as aluminum bronze. The color 
varies with the relative percentages of the metals. One alloy 
resembles silver, and another one gold. They are hard and 
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elastic and take a high polish. Aluminum alloys are used 
for making airplane and automobile parts, and for various 
small articles. 

509. Aluminum Oxide, AI 2 O 3 . Corundum and emery are 
natural oxides of aluminum. They find use as abrasives. 


Cotiriesy U.S. Navy 

A photograph of the interior duralumin framework 
of the Los Angeles. 


Emery may be used in the form of emery paper, emery 
cloth, or grinding wheels. Rubies and sapphires are pure 
specimens of aluminum oxide colored by traces of metallic 
oxides. Many S 3 rnthetic rubies and sapphires are now manu- 
factured by fusing pure aluminum oxide and building up 
successive layers of the product as it solidifies. In making 
the clear sapphires, no coloring matter is added. To form 
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the blue color, titanium oxide is added. Rubies are colored 
by the addition of chromium. These gems are not imitations. 
They are identical in color and properties with the natural 
stones and cannot be distinguished from them. Alundum is 
an artificial oxide of aluminum made by fusing bauxite in 
an electric furnace. It finds use as an abrasive. (See 


Fig. 289. ~~ Alundum, a much used abrasive. 

Fig. 289.) It is also used to make laboratory apparatus, 
such as crucibles, funnels, and tubing. 

★ 510. Aluminum Hydroxide, Al(OH)3. This hydroxide 
is very interesting to the chemist, because it is able to act as 
either an acid or a base. If we add sodium hydroxide to a 
solution of some aluminum salt — aluminum chloride, for 
example — a white, gelatinous precipitate of aluminum 
hydroxide is first formed; 

AlCls + SNaOH ^ 3NaCl + Al(OH )3 i . 

This precipitate is insoluble in water, but if we add an 
excess of sodium hydroxide, it forms sodium aluminate, which 
is soluble. The equation follows; 

SNaOH + 3H+, AIO 3 " ^ 3Na+, AIO 3 " + SH^O. 
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'These, rmctions show il\e amphoteric nature of .aluminum 
hydroxide. In the presence of any strong acid, aluminum 
hydroxide ionizes' to slight extent as an extremely weak 
base: 

A 1 ( 0 H )3 A1+++ + 30 H-". 

When it is treated with a very strong base in excess^ it then 
ionizes as a very weak acid, and it interacts with the base to 
form aluminates, which may be considered salts of aluminic 
acid. 

A1(0H)3-~>3H+ + AIO 3 ". 

Aluminum hydroxide is such a weak base that its salts of 
weak acids are almost completely hydrolyzed. We would 
expect, for example, to have aluminum carbonate precipi- 
tated if we add sodium carbonate to a solution of aluminum 
chloride. The following equation represents what one might 
expect: 

2AICI3 + SNasCOs 6NaCl + Al2(C03)3. 

But we do not get what might he expected. If any aluminum 
carbonate is formed it immediately hydrolyzes and forms 
aluminum hydroxide, which is always precipitated if we add 
a soluble carbonate, or even a soluble sulfide, to a solution con- 
taining an aluminum salt. The equation follows: 

Al2(C03)3 + 6H2O 2A1(0H)3 i + 3H2O + 3CO2 1 • 

In Chapter 8, which deals with water purification, we 
learned that aluminum hydroxide forms a bulky precipitate, 
which will adsorb bacteria and sediment in water and carry 
them down to the bottom of the reservoir as it settles. 
Aluminum hydroxide is useful as a mordant in the dye in- 
dustry. The word mordant comes from the Latin word 
mordere, which means 'Ho bite.'' A mordant seems to 
fasten itself to the fibers of the fabric to be dyed, and the 
dye urdtes in some way with the mordant, sometimes by 
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Courtesy of Parke Davis & Co, 

Fig. 290. — William Henry Perkin (1838-1907) was an English chem- 
ist. He made the first aniline dye from coal tar, and became the founder 
of the synthetic dye industry. 

Various dyes may be used, and different colors are also 
obtained by using the same dye with different mordants. 

★ 511 . Dyeing. Formerly the chief source of dyes was 
from animal, plant, and mineral compounds. In 1856, a 
young Englishman, William Henry Perkin, succeeded in 
preparing tuciuvb artificially by oxidizing aniline, a coal-tar 
product. This discovery marked the beginning of the syn- 
thetic dye industry. (See Fig. 290.) Now a great many dyes 


adsorption. Thus a mordant makes a dye fast. The alu- 
minum hydroxide as a mordant is usually precipitated upon 
the fibers by hydrolysis before they are dipped into the dye 
bath. Colored pigments for use in paints are sometimes 
made by precipitating a dye of some kind with aluminum 
hydroxide. Such insoluble compounds are called lakes. 
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are, iBade synthetically from, coal tar, a substance that be- 
fore the, .above date was considered almost wortliless. 

A good should have 'a pleasing shade; it ,slioiild not, 
.„fade when exposed to the. light; it should not be removed 
from the fabric by rubbing, washing, or perspiration; it 
should not wea.ken the fiber. Wool and silk are sometimes 
dyed directly, as these fibers combine with certain dyes 
without the use of a mordant. 

Some insohible dyes, such as indigo, are precipitated oii' 
the fiber. Indigo is now prepared artificially. In the presence 
of a reducing agent it forms indigo white, a compound soluble 
in alkalis. When textile fibers are saturated with a solution 
of indigo white and then exposed to the air, oxidation occurs, 
resulting in the formation of the insoluble indigo blue. This 
dye is extensively used in dyeing blue serge. The color is 
very fast. 

Acid dyes, which consist of alkali or calcium salts of color 
acids, are used in acid solution. They are not iiseni for 
dyeing cotton and linen, but they dye silk and wool directly. 
Acid dyes are very fast to light, but they cannot be washed 
with a soap or powder containing any free alkali, since a 
base causes the acid dye to dissolve rapidly. 

On the other hmd, haste dyes fade quite rapidly when 
exposed to the light, but they are not removed by washing. 
They dye wool and silk directly, but when used with cotton 
or linen, a mordant is required. Such dyes as methyl violet, 
methylene blue, malachite green, fuchsine, etc., are exam- 
ples of basic dyes. 

To secure good results in dyeing, the fabric must be 
thoroughly cleansed, and it should be wet when introduced 
into the dye bath; the dye should be kept slowdy boiling; and 
the goods should be agitated so all parts will be dyed uni- 
formly. In dyeing cotton goods, the addition of such salts 
as sodiuuj chloride, or sodium sulfate, makes the dye less 
soluble and causes more of it to unite with the fabric. This 
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^‘salting out’’ process is a good illustration of the.'coinmon,; 
ion effect. (See Section 301,) 

After Perkin had started the synthetic dye industry^ 
further problems pertaining to the industry were worked 
out, largely in Germany. By 1914 Germany had a near- 
monopoly upon the dye industry. Of several thousand dyes 
that had been made in Germany by synthesis, nearly one 
thousand were being marketed at that time. The value of 
the dyes themselves was not so great compared with that 
of the products of many other industries. But dyes are 
also valuable because they increase the value of other 
products. The total value of the dye in a necktie is not 
very great, but the fact that it is there makes the necktie 
much more valuable than it would be otherwise. At the 
beginning of the World War, there were only six or seven 
concerns in the United States making any dyes at all. Dyes 
soon became scarce and many of them were unsatisfactory 
because some jobbers sold their stocks of cheap dyes to 
hosiery manufacturers, where the* best dyes are needed. 
Some unscrupulous jobbers diluted their pre-war stocks ot 
dyes with as high as 99% of salt. The chemists in America 
attacked with vigor the problem of building up a dye in- 
dustry. By the end of the war there were more than ten 
times as many dye factories in the United States as there 
were in 1914. Now a large part of the demand for dyes is 
taken care of by home manufacture, and the dyes are satis- 
factory. . . 

512. Alums. If we mix solutions of potassium sulfate 
and aluminum sulfate and then evaporate the mixture, a 
double salt separates as crystals. The formula of this alum 
is K 2 SO 4 . Al 2 (S 04 ) 3 . 24 H 2 O. Any double sulfate formed in 
the same manner and having similar properties is called an 
alum. Instead of potassium sulfate, either sodium or am- 
monium sulfate is often used. Such trivalent metals as iron 
and chromium may take the place of the aluminum. The 
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general formula, ( 804 ) 4 . 24 H 2 O, is used, to represent 

alums, in which ,M( is some univalent element, or group,, and 
a trivalent metal. Alums are used as mordants. Alu- 
minum sulfate, AhiSOijzy is used largely instead of alum, 
for water purification and as a mordant. 

; 613. Silicates of Aluminum. Fullefs earth is a silicate of 
aluminum used for cleaning fabrics and for clarifying oils. 
Ordinary mica is a potassium aluminum silicate. It is 
translucent and infusible. Under the incorrect name of 
isinglass’^ it is used in stoves. As an insulator mica is used 
in making commutators for dynamos and motors. The 
feldspars are complex silicates, usually containing aluminum 
silicate with either sodium or potassium silicate. By the 
action of water and carbon dioxide, disintegration or weath- 
ering occurs and the alkalis are leached out as soluble silicates 
or carbonates. We have left a ivhite day, or hydrated alumi- 
num silicate, known as kaolin. The colored clays found in 
soils usually contain iron and sometimes calcium, the color 
being largely due to iron compounds. Ultramarine is a com- 
plex substance made by heating together clay, soda, and 
sulfur. It is found in nature as the mineral lapis lazidi. The 
artificial product is a more highly colored pigment; it is used 
also as a laundry blue, and to neutralize the yellow tint of 
wood pulp, and linen fibers. 

514. Applications of Clays. Clay becomes plastic when 
it is mixed with water, and it can be molded into any desired 
shape. When the plastic mass is dried and baked at a 
high temperature it does not melt but it contracts and 
forms a hard, porous mass capable of resisting pressure. 
This property of clay makes it suitable for use in making 
brick, earthenware, and porcelain. In making bricks an 
impure clay is used. The red color is due to the presence 
of iron compounds. In making vitrified brick a high enough 
temperature is used to start fusion, thus filling the pores at 
the surface. Fire bricks are made of clay and sand. Earth- 
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emt^are/md'Mk.Bxe made from coarse clays and. a low'teiii- 
.peratm^e is msed, in so the mass remains porous. 

Flowerpots : are, examples of, this ware. When such clays 
.are heated to a higher temperature they are vitrified through- 
out the : mass, forming sionewa7'e, 'The ■ cheapc^r kinds of 
stoneware 'are glazed by .throwing salt into the furnace. 
Porcelain or china is made from a very pure white clay 
mixed with powdered feldspar. It is usually fired twice. 
After the first firing the porous biscuit is dipped into water 
containing in suspension a mixture of powdered feldspar 
and kaolin. During the second firing the feldspar melts 
and fills the pores so that the china becomes impervious to 
liquids. (See Fig. 291.) New Jersey and Ohio produce 
enormous quantities of pottery. Trenton, New Jersey, and 
East Liverpool, Ohio, are the leading cities in the pottery 
industry. Some very fine white clays are found in France^ 
Czechoslovakia, and Japan. Large quantities of high-grade 
porcelain and china are imported from those countries. 


SUMMARY 

Boric acid snid borax are the most important compounds of 
boron. Both find use as antiseptics. Borax is also used in solder- 
ing and welding to dissolve the tarnish and give a clean surface, 
and in the manufacture of glass and enamels. 

Aluminu7n is a light, white metal. It is a good conductor of 
heat and electricity. It is self-protective. Aluminum is used for 
paint, to purify steel, for electrical conductors, and in making 
cooking utensils. Alloys of aluminum and copper are known as 
aluminum bronze. Duralumin is now used to make the frame- 
work of dirigibles and for other purposes where a light, strong 
alloy is needed. 

Natural and synthetic rubies and sapphires consist of aluminum 
oxide. Impure aluminum oxide^ or emery, is used as an abrasive, 
Alundum is a manufactured oxide of aluminum. 

Aluminum hydroxide is amphoteric; it may act as an acid or as 



Gkoup B 

11. What is a lake? What are the purposes of a mordant? 

12. What elements have we studied whose hydroxides act 
either as acid-formers or base-formers? In what groups in the 
periodic table are such elements found? 

13. Under what conditions does an amphoteric hydroxide act 
as a base? As an acid? 


QUESTIONS.- ■■ . ms 

a base. It is used in water purification and as- a mordant. Alums 
are double sulfates of aluminum that find use as mordants. 

Micdy day, and fulled s earth are silicates of aluminum. Clay is 
used in making brick, tile, earthenware, stoneware, and porcelain. 

QUESTIONS 
Group A 


1. Why is it not desirable to scour aluminum cooking utensils 

frequently? ' ■ ■’ 

2. State the advantages aluminum has for use in making 
cooking utensils. If it has any disadvantages, name them. 

3. What application is made of the fact that carbon dioxide 
is liberated when such a compound as aluminum sulfate comes 
into contact with sodium bi-carbonate? 

4. What objection is there to the use of washing soda or ’ 
alkaline scouring powders in cleaning aluminum? 

5. What is an abrasive? Name several that we have studied, 

6. How is aluminum used as a reducing agent? For making 
flashlights? ■ 

7. Since clay contains aluminum and it is much more abun- 
dant than bauxite, why not use the former for obtaining alu- 
minum? 

8. Explain why so large a percentage of the aluminum pro- 
duced is used in the automobile and airplane industries. 

i. Why should you expect a pawnbroker to hesitate about 
lending money on a ruby or sapphire? 

10. At one time boric acid and borax were used as food preserv- 
atives. Why have they fallen into disuse for such a purpose? 
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' ' 14. Why do we have aluminum hydroxide precipitated and not 
'aluminum carbonate when we add sodium, carbonate to a solution 
of an aluminum salt? 

15. Write the equation to show what action occurs when , so- 
dium sulfide is added to a solution of aluminum chloride. 

■ . ' IS. In mordanting, the cloth is sometimes soaked i,n aiiimiiium 
acetate solution and then treated with steam. What compound 
do you think is precipitated by this method? Explain. 

V 17,. How does the colloidal .nature of aluminum hydroxide 'make 
it useful in the dye industry? 

18. What are the characteristics of a satisfactory dye-stuff? 

PROBLEMS 
Group A 

1. What per cent of borax, NaoB^iOT-lO H 2 O, is boron? 

2. How many pounds of sodium hydroxide are needed to 
dissolve 10 pounds of aluminum? (See equation on page o64.) 

Group B 

3. How many liters of hydrogen are set free when 50 gm. of 
aluminum are treated with 100 gm. of sodium hydroxide? 

4. How many grams of aluminum will remain after the reac- 
tion of Problem 3 is complete? 

SUPPLEMENTARY PROJECTS 

Prepare a report on one of the following topics: 

1. Coal-tar colors. 

References: Slosson, E. E., Creative Chemistry^ Chapter IV. 
Chemical Foundation, Inc. 

Howe, H. E., Chemistry in Industry, Volume II, Chapter IV. 
Chemical Foundation, Inc. 

2. How porcelain is made. 

Reference: Howe, H. E., Chemistry in Industry, Volume H, 
Chapter VI. Chemical Foundation, Inc. 

3. Making gems artificially. 

: Reference: Collier^ s, 81 : 14, January 21, 1928. 





CHAPTEE 35^ 

SOILS AND FERTILIZERS 

Vocabulary 

Residual. Soil remaiaing where it was originally formed by 
weathering. 

Humus. The organic portion of the soil, formed by the partial de- 
composition of vegetable or animal matter. 

Potash. A name given to compounds of potassium. 

Feldspar. A natural silicate of aluminum with such other elements 
as sodium, potassium, calcium, etc. 

Marl. An earthy deposit, consisting largely of clay and limestone, 
which is used as a fertilizer. 


A. SOILS 

515. Bed Rock, the Source of Soils. The bulk of the 
earth’s crust is made up of solid rock, or what is commonly 
called bed rock. In most localities the bed rock is covered 
with a layer of soil that may vary in depth from only a few 
inches to a hundred feet or more. New soil is slowly being 
formed by a process known as weathering. Such agents as 
oxygen, carbon dioxide, water, and other substances are con- 
stantly acting upon bed rock and converting it into mantle 
'.rock, or soil. (See Fig. 292.) Plants and animals, wind, 
and alternate freezing and thawing all act as agents in break- 
ing up large masses of solid rock into smaller fragments. 

Soils formed by weathering may remain just where they 
w^ere formed. Such soils sltb celled residual soils. Some- 
times soils are transported by various agencies, such as wind, 
running water, and glaciers, to a different locality from that 
in which they were formed. Much of the deep, fertile soil 
of the Middle West was brought from Canada by the great 
glaciers during the prehistoric period when the northern 
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part of North America was covered by a Inige sheet of ice. 
Running water often carries the most fertile, soil 

downstream from one farm to another where it is deposited; 
or it may carry such material into the ocean where it is 
dispersed. 

616. Kinds of Soil. The nature of a soil depends upon 
the constituents of the rock from wdiich it was formed. When 


SaHsbury\^ Physioffraphy^ by permission 

Fig. 292. — An illustration showing the irregular contact of solid rock 
below, with soil, subsoil, etc., above. The rock has decayed so that the 
subsoil extends down irregularly into it. 

sandstone weathers, a sandy soil is formed ; the disintegration 
of limestone forms a limy soil; clay soils are formed by the 
weathering of shale, slate, feldspar, and granite. Granite is a 
mixed rock; when the quartz it contains weathers, sand is the 
product formed; when the mica and feldspar weather, clay 
is produced. A transported soil is quite apt to be a mixed 
soil since the transporting agent may bring from different 
sources the materials of which it is composed. A mixture of 
sand and clay is called loam. If the amount of clay is rela- 
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lively large, it is called a day loam; if it is small in proportion 
to the amount of sand, the soil is a sandy loam. The decom- 
position of organic matter in the soil forms humus. When 
the dec;ty of organic matter is quite rapid, on account of its 
being exposed first to the air and then to water, muck is 
formed. It is soft and spongy, and has usually lost all 
resem])iance to the organic matter from which it was formed. 

517. Elements Needed by Plants. The elements abso- 
lutely needed by plants include carbon, hydrogen, oxygen, 
nitrogen, phosphorus, potassium, sulfur, calcium, iron, and 
magnesium. Chlorine, silicon, and sodium are essential to 
the full development of certain plants. Carbon is ob- 
tained from the carbon dio.xide of the air; oxygen from the 
air and soil water; and hydrogen from the soil water that 
enters tire plant through its roots. The other elements 
must be obtained from the soil. Since the compounds that 
contain these elements are usually solids, they cannot be 
absorbed by the roots of the plant unless they dissolve 
readily in the soil water. Recent experiments show that 
■manganese produces a decided effect upon the growth of 
plants. It appears to act as a stimulant in some cases, 
and in others as a real plant food. Aluminum, too, seems to 
be beneficial to some plants. 

618. Fertility of Soils. A fertile soil contains all the 
elements needed for the proper development of plants. These 
elements, too, must be in available form. In other words, 
they must be capable of dissolving in water so they can be 
taken up by the roots of the plant. A poor soil is deficient 
in one or more important constituents needed for plant 
growth. A soil may lose its fertility; (1) By the continual 
removal of the essential elements required by plants during 
the successive harvesting of crops; (2) By the leaching out 
of the soluble matter by rain water; (3) By burning out the 
humus by excessive use of fime or by alkalis present in 
the soil. A loam that contains humus is generally a fertile 
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/SoiL The humus increases the capacity of a soil for holding 
water. Tt .makes a' clay soil more easily worked j and keeps 
its small, particles from coalescing to form large aggregates. 
It also supplies nitrogen that is needed by the growing plant. 

,A soil may contain 'all the elements needed lor plant 
growth, and yet not be fertile. The colloidal nature of a soE 
affects its fertility, since its ability to adsorb w^ater and min- 
eral salts depends upon the size of the particles present; In 
many cases the water stands on a piece of ground and causes 
the soil to become sow^ or acid. Throughout the Middle 
West much underground drainage is needed. Porous tile 
laid beneath the reach of the frost are extensively used in flat 
sections to carry off the excess water rather rapidhi On the 
other hand, the rainfall in some regions is so scanty that 
irrigation must be used to grow crops successfully. 

Nearly all soils contain sufficient silicon, iron, magnesium, 
sodium, chlorine, calcium, and sulfur to supply the needs of 
plants. For the growth of certain plants that require a 
large amount of sulfur and calcium, such as onions, garlic, 
cabbage, etc., the addition of a compound containing these 
elements is necessary. Calcmm sulfate, often called land 
plaster, is the compound generally used. Most soils also 
contain nitrogen, phosphorus, and potassium, but these ele- 
ments are taken from the soil more rapidly by plants, and 
they must be replaced to keep the soil fertile. A sandy soil 
is likely to be deficient in potassium; soluble matter, or 
available mineral matter, may quite easily be leached out 
of such a soil. In fact, the rain water carries awray to the 
ocean more valuable mineral matter every year from a soil 
than the plants can possibly remove. In a clay soil, potas- 
sium is practically always present, since clay is a potassium 
aluminum silicate. Feldspar contains potassium, and granite 
rocks generally contain considerable calcium phosphate. 
Thus the weathering of granite and feldspar supplies potas- 
sium and possibly phosphorus for plant use. Limestone 
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often contMns fossils that furnish a soil with phosphorus 
from the bones of animals. 


B. FERTILIZERS 

519. Partial and Complete Fertilizers. The decay of 
plant and animal matter produces natural fertilizers for the 
soil. But when crops are removed from the soil year after 
year, the natural fertilizers that find their way back to the 
soil are not sufficient in quantity to replenish the materials 
taken from the soil. Then commercial fertilizers should 
be used. Before a farmer can tell just what fertilizers a soil 
needs, an accurate analysis of the soil must be made by a 


chemist. But the farmer can, by a systematic application 
of fertilizers for a period of several years, learn what ele- 
ments his soil needs most. If his soil contains clay, he does 
not need to add much, if any, potassium. 

Soils are classed as add, alkaline, or neviral. Litmus may 
be used to determine the acidity of the soil, or its alkalinity. 
Acid soils are not suitable for the growth of certain plants, 
especially clovers, legumes, and certain root-crops. Ihe 
acidity of a soil may be corrected by the addition of slaked 
lime, matl, or powdered limestone. Air-slaked lime is better 
than freshly hydrated lime, since it is not so caustic, and not 
so likely to injure vegetation. A muck soil is likely to be acid 
and to need liming. Figure 293 shows the effect of neutral- 


Fig. 293. 


— Effect of calcium carbonate in neutralizing the acidity of a 
muck soil, thus making the nitrogen available. 
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izing, a very, acid muck soil with powdered limestoiiej aad 
thus , making available the nitrogen fertilizers in the, soil 
Care must be taken to .avoid excessive or too frequent use of 
lime, since it may destroy the humus. Then the soil loses 
its , fertility by having the nitrogen conipouiids destroyed. 
It^ also loses its ability to hold moisture. There is an old 
German proverb: ‘^^Lime makes a rich fatherj but a poor 

; A complete fertilize,r contains some compound of potassiufn^ 
some compound of nitrogen, and some compound of phos- 
phonis. The elements themselves are not used, but always 
some soluble compound that contains the element. The 
compounds that are used vary a great deal, and some are 
richer in the essential elements than others. Hence the law 
requires that the analysis of a fertilizer shall be printed on 
the bag or container. 

620. How an Analysis Is Interpreted. Since the nitrogen 
in a commercial fertilizer may be present as sodium nitrate, 
ammonium sulfate, or any one of a half dozen compoimds, 
the nitrogen content of a fertilizer is often stated as ‘^equiva- 
lent to ammonia.^h For example, if a manufacturer uses 
100 lb. of ammonium sulfate in making 2000 lb. of fertilizer, 
the product contains 5% of ammonium sulfate. But ap- 
proximately 25% of ammonium sulfate is ammonia. Hence 
the fertilizer wEl contain 25% of 5%, or 1.25% of ammonia, 
or we may say that it is “equivalent to 1.25% of ammonia.'^ 
One per cent of sodium nitrate is “equivalent to 0.2% am- 
monia. Only 82% of ammonia is nitrogen. The farmer 
should not be misled by an analysis that shows per cent of 
nitrogen and “equivalent of ammonia, as they often do. 
(See Fig. 294.) He is not getting ammonia and nitrogen, 
but the nitrogen is present in the ammonia. 

Potassium, or potash, is calculated as “equivalent to potas- 
sium oxide, K20.^^ One per cent of potassium sulfate, for 
example, is equivalent to 0.63% of K 2 O. That means that 
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100 lb. of potassium sulfate would make 63 lb. of potassr 
oxide. Potassium chloride is richer in potassium, since 100 lb. 
of it would .make 74 lb, of potassium oxide. They are not 

converted , into potassium 
oxide at all. 

In the case of phosphorus, 
the analysis tells us the total 
amount of phosphoric acid 
that could be made from the 
phosphorus compounds pres- 
ent. But the phosphorus 
may be present as secondary 
calcium phosphate, which is 
listed as ^‘soluble phosphoric 
aeid/^ or available phos- 
phoric acid”; it may be. 
present as tri-calcium phos- 
phate, which is listed as ^In- 
soluble phosphoric acid”; or 
it may be present as re- 
verted phosphoric acid.” 

(See Section 382.) There is 
considerable overlapping in the analysis of fertilizers with 
respect to the content of phosphoric acid, and the total 
amount is seldom equal to the sum of the separate forms 
as shown by dhe analysis. ; ■ ■ / ^ 

C. NITROGEN FERTILIZERS 

621. Nitrogen Fertilizers. Many of the sources of nitro- 
gen for use as a fertilizer were mentioned when we studied 
nitrogen. (See Section 178.) Stable manure is rich in nitro- 
gen. AM decaying animal and vegetable matter contains 
nitrogen. Such products as tankage, fish scrap, slaughter 
house refuse, dried blood, and guano are extensively used in 
making commercial fertilizers. Sodium nitrate from Chile 
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is sold as a fertilizer. It is very soluble in water, and for 
that reason it is apt to be leached from the soils more quickly 
than some other nitrogen fertilizers. This defect may be 
partially overcome by using successive applications of the 
nitrate. Calcium nitrate is used as a fertilizer. It contains 
a slightly higher per cent of nitrogen than sodium nitrate. 


Pig. 295. — Effects of sodium nitrate upon the yield of wheat per acre. 


Figure 295 shows how the addition of sodium nitrate to the 
soil increased the yield of wheat per acre. 

Ammonium sulfate is a by-product obtained in making 
coal gas. It contains 21% of nitrogen, and it is readily 
soluble. It is a good fertilizer, but it tends to make the 
soil acid. 

Calcium cyanamide, CaCNz, is a nitrogen compound that 
finds some use as a fertilizer. It is not so soluble as the 
nitrates mentioned, or as ammonium sulfate. In the soil it 
undergoes changes which convert it into ammonium com- 
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pounds. (See Fig. 296.) In some cases it has proved satis- 
factory, but in some others it has not been so successful. 
Hence it is often converted into ammonia by treatment with 
superheated steam. The equation follows: 

CaCNa + 3 H 2 O 2 NH 3 1 + CaCOs. 


Just prior to the dawn of the twentieth century Sir William 
Crookes predicted a world wheat famine. The nitrate beds 
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proved to be incorreet, for the supply of nitrogen compounds 
that can be obtamed by tapping the air is limitless. 


B. PHOSPHORUS FERXmZERS 

__ J22. What Are the Sources oL Phosphorus Fertilizers^* 
When we studied the element phosphorus, we learned that 
there are rich deposits of calcium phosphate in some of our 
eastern states, and that some of the western states also have 
rich deposits that have as yet been untouched. To render 
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growtii of buckwheat. The acid phosphate, the supe.r- 
phosphatc/j and the slag are more soluble; hence they are of 
more value for immediate use. The rock phosphate shows 
only a little more than half the increase over the check that 

the acid phospliate does. 

E, POTASSIUM FERTILIZERS 

523. What Are the Sources of Potassium Fertilizers? 
Although the U,nited States exports large quantities of 
pliosphate rock, compounds of potassium must be imported 
tf'i meet our needs. The most abundant supply of potassium 
is found at Stassfurt,, Germanju There are similar deposits 
in Alsace, wliicli was a part of Germany prior to the World 
War. Botli t,he chloride and the sulfate of potassium occur 
ill the mineral deposits of these localities. The chloride of 
pottissium contains slightly more than 52% of potassium, 
and the sulfate a less than 45%. 

In 1914, potiissii'iin compounds were being imported from 
Gemia.ny at a. pricc^ of about $40 per ton. Within a few 
inoiiths the price jiimped to $500 per ton, and it soon became 
almost impossible to buy an 3 ^ potassium' compounds at all 
We Iiave seen liow our glass manufacturers made glass with- 
out |)otassiuTn. But no one has found a substitute for potas- 
sium eoiiipoiinds for plant use. Usua% sodium compounds 
can b(^ made to take the place of potassium compounds, but 
plants demand the potassium, and no substitutes. (See 
Fig. 298.) Hence it became imperative to make a more 
thorough search for potassium compounds in the United 
States. There are many sources, since potassium compounds 
are widely distributed, but no one source yields large amounts. 
For example, wood ashes contain potassium carbonate. Some 
potash is , obtained from the scourings of wool, from plant 
refuse, from the waste products, obtained; during the manu- 
facture of sugar and mohusses, and .from giant kelps or sea- 
weeds whicii are dragged ashore along' the ,, Pacific Coast 
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and burned for their potassium compounds. Beds of potash 
were found in some dried lake regions of Nebraskaj and they 
are now worked for their potash and for the borax they yield 
as a by-product. The deposits of potash found in Searles 
Lake, California, are more extensive. Rich beds of potassium 
compounds similar in nature and extent to the deposits 
found near Stassfurt have been discovered in the state of 
Texas. The greensands of New Jersey contain glauconite^ a 
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Fig. 298. — The potatoes in the boxes at the left were grown without 
added fertilizer. Those at the right were grown with phosphorus and nitro- 
gen as fertilizers. The potatoes in the center boxes were grown with a com- 
plete fertilizer. 

mineral that contains a silicate of iron and potassium. One 
of the problems yet to be solved is that of extracting the 
potassium from these deposits at a price low enough to com- 
pete with the imported products. 

Feldspar rocks contain an abundant reserve supply of 
potassium, but they weather so slowly that they do not help 
to meet the demands for potash. No commercial method has 
yet been devised for making the potassium in feldspar avail- 
able for immediate use. Some cement manufacturers do, 
however, use a potassium feldspar in making cement. By 





the use of Cottrell precipitators some potash can be recovered 
from the stacks as a by-product. Since the cession of Alsace 
to France, the German monopoly of potash is broken. France 
and Germany have agreed, however, upon a common price 
that is but slightly lower than the price charged in 1914. 

SUMMAEY 

The process of changing bed rock into mantle rock, or soil, is 
known as ‘weathering. If the soil remains where it was formed it is 
called residual soil. 

Soils are knowm as sandy, limy, or clay, depending upon the 
nature of the rock from which they are formed. Loam is a mLxture 
of sand and clay. Decaying vegetable matter in the soil forms 
humus. 

Plants need hydrogen, oxygen, carbon, nitrogen, potassium, 
phosphorus, sulfur, magnesium, calcium, iron, sodium, chlorine, 
and silicon for growth. The first three are obtained from water 
and the air; the last three are less important and are generally 
present in all soils. 

A fertile soil contains all the above elements in a form that 
makes them available for plant use. It should not be acid. Lime 
and powdered limestone arc valuable for neutralizing the acidity 

of soils. , , , . ■ 

Tlie elements that arc likely to be lacking in a soil are nitrogen, 
pola.ssimn, and phosphorus. These may be added from time to 
lime in the form of soluble compounds of these elements. They 
are called commercial fertilizers. 

Tlie sources of nitrogen include plant and animal refuse, sodium 
nitrate calcium nitrate, ammonium sulfate, and calcium cyana- 
mide. Many tons of nitrogen are now' taken from the air annually 
to manufacture nitrogen compounds for plant use. 

Phosphorus for use in making fertilizers is obtained from rock 
phosphates, from ground bone, from phosphate slag, guano, and 
fish scrap. The United States export® phosphate rock. 

Potassium compounds are found in seaweeds, wood ashes, in the 
greensands of New Jersey, and in feldspar rocks. Fairly extensive 
beds have been found in Nebraska, Wyoming, and California. 


SUMMARY 
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Rich deposits are reported as having been found in Texas. The 
richest known .beds of potassium compounds are found at Stass- 
fiirt; Germany, and in Alsace, France. 

QUESTIONS 

1. How does the amount of rainfall affect the .fertility of the 
.soil? 

2. Why is the soil of river bottoms so fertile? Recall the 
effect of the overflow of the Nile upon the .fertilit}" of the soil in 
Egypt. ' , 

3. How does the nature of the subsoil affect the ability of a 
soil to retain mineral matter to be used as plant food? 

4. Why does letting a soil lie idle during the summer (summer 
fallow) improve its fertility? 

5. Why is a loam generally a fertile soil? Would you expect 
a loam to be easily tilled? 

6. What danger arises from too frequent addition of lime to 
soils? 

7. What do you understand by a complete fertilizer? 

8. Why is sulfuric acid used so extensively in the fertilizer 
industry? 

9. Is powdered limestone suitable for liming soils? Is it 
suitable to use air-slaked lime? 

10. Name as many crops as you can that may be used to enrich 
the soil. 

11. The Indians in New England are said to have taught the 
early settlers to put a dead fish in each hill when planting potatoes. 
Would such practice be effective? 

12. How are bacteria useful in enriching soils? 

SUPPLEMENTARY PROJECT 

Prepare a report on the following topic : 

1. Frauds in fertilizers. 

Reference: Chambehlain, J. C., and Browne, C. A., Chemisirn 
in Agricultmef Chapter XVI. Chemical Foundation, Inc. 
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THE IRON FAMILY 

Vocabulary 

Tempered. Heat trea,ted to give the desired hardness and toughness. 

Entrained. Incorporated within the mass during the rolling process. 

Trunnion. Either of two opposite pivots extending from the side of 
a converter. 

Pyxoinater. An instrument for measuring temperatures iiighe!* than 
the upper limit of the thermometer. 

524. Introductory. If we refer to the periodic table, we 

find three elements in Group 8 that resemble one another 
in many ways. The elements are iron, nickel, and cobalt. 
In their valences, and in the manner in which they form 
compounds, these three elements are alike. The elements 
have a valence of 2 in their compounds, and a val- 

ence of 3 in their ‘He” compounds. Pure iron is almost 
unknown in industry. Traces of other substancevs change its 
properties decidedly. Hence we find cast iro7i and steel used 
very extensively, because they contain small quantities of 
other elements that impart to the iron unusual properties. 
The United States produces about 40,000,000 tons of steel 
annually. 

A. IRON AND STEEL 

525. How Iron Is^ Found in Nature.- There are many 
minerals found in^ nature that; contain mon. Nearly all soils 
contain some iron compounds. There are four important 
ores of iron. Hematite, Pe^Oz, is the most abundant. Mag- 
netite, FezO^, md limomte, a hydrated oxide of iron, are 
important ores. Siderite, a carbonate; of iron, is also used 
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as a source of iron. Several sulfides of iron are found in 
nature, but they are not used as ores, because it is difficult 
to free the iron from the sulfur, which makes steel brittle. 
Iron ore is mined in Minnesota, Michigan, Alabama, Penn- 
sylvania, Ohio, and West Virginia. Iron is found in the 
red blood cells, where it plays an important part in the 
life process. 

626. How Iron Is Mined. When the iron ore is found 
near the surface, as it is in northern Minnesota, open pit 



Minnesota, 

mining is used. The method is not unlike that of quarrying. 
If the ore is covered witHPloose, earthy material, steam shovels 
may be used to remove the surface layers “to get at the ore 
underneath.” In some parts of Minnesota, as much as 
200 feet of such material is stripped off . (See Fig. 299.) The 
ore is loose enough so it may be loaded on cars by means of 
steam shovels, and no hand labor is necessary. No other 
place has been found where iron ore can be mined so cheaply. 

In northern Michigan, shaft mining is used. The mines 
vary from 400 ft. in depth to about 2000 ft. The ore is loose, 
and the mines must be timbered to prevent the ore from 
falling upon the miners. The iron ore is loaded into small 




IISES OF CAST IRON 593 

cars which axe hauled to the mine shaft and hoisted by means 
of cables. (See Fig. 300.) 

527* The Composition, Properties, and Uses of Cast 
Iron* In Chapter 30 we learned how iron is extracted from 
its ores. As the iron comes from the blast furnace, it contains 



Fig. 300. — Underground or shaft mining. The loose ore 
must be heavily timbered. 


considerable carbon and other impurities. It is known as 
pig iron or cast iron. 

Cast iron contains from 2% to 5%, or slightly more, of 
carbon, which may exist as free carbon in the form of graph- 
ite, or it may be combined with the iron in the compound 
iron carbide, Fe^C. This compound, which is called cemen- 
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life, is extremely hard. The' amount of cart30n present in 
the form .of cernentite depends upon the rate at which the 
east iron., is cooled. If cooled quickly, very little of the iron 
carbide will decompose into iron and grap,liite. Such cast 
iron is ve.ry hard, and it is w.hite,in color. Hence it is known 
as tiMie cast iron , . .If the cast iron is cooled slowl}?-, it will 
contain more graphite. The product, which is .knowm as 
gray cast iron, is, softer and it is gray in color. The other 
impurities found in cast iron are phosphorus, sulfur, silicmi, ' 
mid manganese. 

Cast iron is hard, crystalline, and brittle. It is neither 
malleable nor ductile. It cannot be welded directly, because 
it has a sharp melting point. Cast iron cannot be tempered. 
Its melting point depends upon the per cent of carbon 
present, but it is usually from 1100° to 1200° C. It is not 
very tenacious, but it can sustain very great w^eiglits without 
being crushed by them. 

As the name implies, this form is suitable for making 
castings. The molten iron is poured into sand-lined molds 
and allowed to solidify. It finds use in making pillars, and 
for making parts of machinery that are hot to be subjected 
to shock. The greater part of it finds use in the manufacture 
of steel, 

628 . How Wrought Iron Is Made. Since wrought iron 
contains less carbon than cast iron, it is made by heating 
cast iron in a reverberatory furnace lined with iron oxide. 
(See Fig. 301.) The fuel is burned on a fore-hearth, and the 
hot flames and gases are reflected down upon the charge in 
the furnace. The impurities that were present in the cast 
iron are gradually oxidized and disappear as gaseous prod- 
ucts, or they may combine with the basic material with 
which the furnace is lined. The carbon in the cast iron 
unites with the oxygen from the iron oxide and escapes into 
the air as carbon dioxide or monoxide. As the heating 
proceeds, the molten mass becomes pasty, because pure iron 



Fkj. 301. Reverberatory furnace. The hot gases are deflected 
downward upon the charge. 

contains less than 0.3% of carbon and small quantities of 
entrained slag. Wrought iron is soft, fibrous, ductile, and 
malleable. It softens gradually when it is heated. For that 
reason two pieces of wrought iron may be heated nearly to 
the melting point, laid one upon the other, and hammered 
until they become welded into one piece. Wrought iron is 
vevj tenacious, but it cannot be tempered. Formerly 
wrought iron was much used for blacksmith iron, chains, 
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has a higher melting |)oint .than the cast iron. The process 
of making wrought iron is known as puddling. The, pasty 
iiutss is worked into large balls called hlooms. Dripping wit,h 
skig, they arc^ rcanovcal from the furnace and worked under 
a triphammer or in scjueexers to remove the slag and to make 
the metal somcnvliat fil.irous. 

§29* Composition, Properties, and Uses of Wrought Iron. 
The purest form, of iron on tlie market is wrought iron. It 
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and wire. Now mild steel is used for such purposes^ because 
it is ' much cheaper to make steel than to make wrought iron. 
One of the most extensive uses of wrought iron, howeverj is 
in the manufacture of high-grade steel. Wrought iron resists 
corrosion better than either cast iron or steel. 

530. How Steel Differs from Wrought Iron and from 
Cast Iron. Steel contains less carbon than cast irouj and 
more than wrought iron. It varies in composition, contain- 
ing from 0.2% to 2% of carbon. What is called low-carbon 
steel usually contains less than 0.8% of carbon; high carbon 
steel contains from 0.8% to 2% of carbon. The properties 
of steel vary with the carbon content. The hardness in- 
creases as the per cent of carbon increases. Low carbon 
steel is soft, tenacious, ductile, malleable, and it can be 
welded easily. High carbon steel is hard and brittle. It 
may be tempered, but it can be welded only with difiiciilty. 
The melting point of steel is low’^er than that of wrought iron, 
but higher than that of cast iron. Steel is an alloy that 
finds use in the manufacture of automobiles, rails, railway 
carriages, armor plate, guns, projectiles, bridge material, 
and for other structures. 

631, How Steel Is Made. Steel has less carbon than cast 
iron; hence it can be made by burning out the excess carbon 
of cast iron, or by removing it in some other manner. Steel 
has more carbon than wrought iron. For that reason steel 
can be made from wrought iron, if some successful method 
of adding the required amount of carbon can be found. 
Both methods of making steel have been used. In the 
Bessemer and open hearth processes the manufacturer starts 
with cast iron direct from the blast furnace. In the old 
cementation process the wrought iron was packed in charcoal 
and heated. This process is not used in the United States, 
but it is interesting to compare it with case-hardening. (See 
Section 539.) The crucible process, which is practically 
obsolete in the United States, yields a high grade steel by 
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heating wrought iron in graphite (carbon) crucibles until a 
sufficient quantity of carbon is absorbed, from the walls 
of the crucible and from the carbon mixed with the charge, 
to give a steel of the desired 
quality. Either cast iron or 
wrought iron may be used 
for making steel in the elec- 
tric furnace. 

532. The Bessemer Proc- 
ess. Many persons scoffed 
when the idea of blowing a 
blast of cold air through 
molten cast iron was first 
suggested. But Sir Henry 
Bessemer, an English in- 
ventor, believed that the 
heat from the chemical action 
];iptwecn the oxygen and the 
c:u-l>on and other impurities 

in the cast iron would be sufficient to keep the iron from 



solidifjdng. When he 


Open- 



Fig. 303. 


tried the experiment, he found that 
the temperature 
really increases. 

In the' Bessemer 
process for making 
steel the cast iron 
direct from the 
blast furnace is 
poured into a large, 
egg-shaped con- 
verter that holds 
from fifteen to 


- Bessemer converter, on its side., 

' twenty tons. The converter is built of wrought-iron plates 
and lined wdth fire-brick. It is mounted on trunnions so it 
may b(3 kept in a vertical position, or turned down upon its 
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side. (See Figs. 302 and 303.)- There are many holes in the 
bottom, of .the converter through which air .may enter .and 
find its way up through the molten iron in many fine jets. 
The oxygen unites with the silicon, the carbon, and other 
impurities present, and the products escape as gases. In 
from fifteen to twenty minutes, the reaction is complete, 


Sectional view of the converter at ri^ht. During the 
v’' shown at center. Converter at left pouring. 


and it must be stopped to prevent oxidation of the iron. 
The converter is turned down on its side, and spiegeleise?i 
or ferromanganese is added to the iron in the converter. 
These alloys are both rich in manganese and carbon, and 
one of them is added in sufficient quantity to make a steel 
having the desired per cent of carbon. The manganese 
unites with any oxygen left in the steel and prevents the 
formation of ''blowholes.” Figure 304 shows a Bessemer 
converter in action; it affords one of the prettiest sights in 
modern industry as a sheet of flame leaps from the mouth 
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of the converter and a shower of sparks is sprinkled over a 
radius of 4(1 to 50 feet. . , 

533. Bessemer^s Problems. In working out industrial 
operations., many problems arise. In making fifteen tons of 
steel in as many minutes, Bessemer found it quite impossible : 
to tell when to shut off the air blast in order to leave in, 
the steel just the right amount of carbon. His friend, Robert 
M,ushet, suggested that he burn it all out and then add a 
small quantity of iron that is rich in carbon. When tried, 
the new plan worked satisfactorily. Hence the addition of 
spiegeleisen or ferromanganese in the Bessemer process. 

Then, too, the Bessemer process yielded a good steel 
when Bessemer started with cast iron made from ores that 
contained onh’^ a small per cent of phosphorus. Phosphorus 
makes steel brittle when it is cold; it is said to make the 
stool cold-short . Sulfur present in steel makes the steel 
‘‘hot-short’’; or it makes the steel brittle when it is hot. 
In the original Bessemer process the converter had been 
lined with silica, Si02, which acts as an acid anhydride. It 
will not combine with either the oxide of phosphorus or the 
oxide of sulfur that is formed when an air blast is forced 
through cast iron containing phosphorus and sulfur. In 
other words, the “acid Bessemer process/’ in which the con- 
verter is lined with an acid anhydride, works with iron ores 
that are nearly phosphorus-free, but it does not give a 
satisfactory product with ores that contain considerable 
phosphorus. . 

To get rid of the phosphorus was a problem for the chemist. 
It was solved by the English chemists Thomas and Gilchrist. 
Instead of using silica as a lining for the Bessemer con- 
verter, they used dolomite (CaGOs . MgCOs). W/'hen these 
carbonates are heated they yield basic oxides, CaO and MgO. 
They unite with, the phosphorus pentoxide;" as represented;: 
by the following equation: 

3CaO + P206--^Ca3(P04)2- 
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Of '.course some magnesium phosphate is also formed. This 
method of removing phosphorus from the iron used in making 
steel is known as the Thomas-Gilchrist process. It is also 
known' as the 'Bessemer process.’^ The slag that is 

formed is rich in phosphorus and it finds use as a fertilijzer. 

534. The Open-Hearth Process. (Siemens-Martin.) In 
the United States those ores that contain Utile phosphorus 
find use for making steel by the ^^acid Bessemer process.’^ 



The ^‘basic Bessemer process” is little used in the United 
States. But iron ores that contain considerable phosphorus 
are made into steel by the use of the basic open-hearth 
process.” A regenerative furnace is used. 

The regenerative furnace was invented by an English 
metallurgist, Sir William Siemens. Both the air and the gas 
are pre-heated before the gas is burned. Thus a higher tem- 
perature is produced. The gas and air enter the furnace by 
coming through a checker- work of heated fire-brick. As they 
burn, the charge on the bed of the furnace is heated by the 
flames which are reflected down upon the bed of the furnace. 
(See Figs. 305 and 306.) The hot waste products of com- 
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enter 


metal 


bnslion go out of the furnace through a second checker-work 
of ire-brick. They heat these brick, just as our chimneys 
are heated by the hot waste gases that pass up through them. 
At intervals of about twenty minutes, the direction of the 
valves is reversed in order to have the incoming gas and air 


Fig. 306. — Open-hearth steel pouring into ladle. 

through the checker- work that was Just heated. Thus 
hot flame is continuously supplied by the union of the pre- 
dated gas and air. An open’-kearth furnace is built up of 
plates lined with silica for the acid process, or with 
basic oxides for the basic process. They are usually from 
to 15 ft. wide, from 30 to 80 ft, long, and about 2 ft. deep, 
hey are capable of making from 50 to 125 tons of steel at 
a time. 

The c/iarge consists of the molten cast iron direct from 
furnace. It is poured from ladles into the furnace. 
n a charging machine picks up a container of scrap sted^^ 
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the molt^ steel into the incot molds. 
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Courtesy of Scientific American 
Rolighing rolls for making bars for shrapnel. 


iron ore, and limestone, pushes it into the furnace, and dumps 
it. The process is economical, since it utilizes the scrap steel, 
and the oxygen from the iron ore is utilized in the removal 
of the carbon from the east iron. The basic material unites 
with the phosphorus and forms a slag. In some cases, the 
furnace is tilted forward to pour out the molten steel. 
Figure 307 shows the pouring of steel into ingot molds. After 


it solidifies, the ingot is stripped and rolled into the desired 
shape. (See Figs. 308 and 309.) 

The furnace for making open-hearth steel was devised by 
Siemens, but the process was worked out by the Martin 
brothers of France. It requires from six to twelve hours to 
make steel by this process. Hence it is possible to take out 
samples from time to time and send them to the laboratories 
to be analyzed and tested. The great bulk of the steel made 
in the United States is made by this process. 

636. The Electric Process of Making Steel. This process 
is usually one that deals in refining steel, although steel can 
be made directly from various materials by means of the 


Fig. 309. — 
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electric furnace. Several . types of electric furnaces are in 
use. In the Heroult furnace (Fig. 310), two carbon elec- 
trodes about 15 inches in diameter extend thimigh the top 
of the furnace. The furnace is lined wdth dolomite. The 
charge may consist of steel to be refined, or it may consist 
of scrap steel, cast iron, and iron ore. In fact, such a furnace 

may be so charged 
that steel can be 
made from almost 
any form of iron or 
iron ore. When the 
current is turned 
on, it arcs across 
through the slag, 
flows through the 
iron and back across 
the slag again to 
the other electrode. 
The current of 
about 12,000 am- 
peres produces the 
heat needed to re- 
fine the steel. There is no electrolysis. The electric current 
is used only to supply the heat. The steel that is produced 
is very high grade, because it is easy to regulate the process 
and because the process is not carried on in an oxidizing 
atmosphere. From 5 to 20 tons of steel are made at one 
time. The operation requires about three or four hours. 
Figure 311 shows an electric furnace in the act of pouring. 

536, How Two Processes Are Combined. Two processes 
are often used in making steel. The Bessemer process is 
first used because of its speed. Before the reaction is com- 
plete, the charge is poured from the converter and trans- 
ferred either to an open-hearth furnace or to an electric 
furnace. Then it is finished more slowly. The impurities 
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Steel Shell 

Fig. 310. — Electric furnace. 
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are more completely removed and the process is better con- 
trolled, because samples can be removed periodically to be 
sent to the testing laboratories. 

637. How Steel Is Purified. In making steel there is a 
tendency near the end of the process toward the formation 


Fig. 311. — Electric furnace (pouring) 


of oxides. Gases trapped in the steel tend to form ^^blow- 
holes.” Even when the steel is rolled, pressed, or hammered, 
the oxidized surfaces of such blowholes” will not weld 
together. To prevent the formation of oxides and to remove 
gases, some metal that has a greater affinity for oxygen than 
iron has is added. Such metals are known as purges or 
purifiers. Aluminum, titanium, manganese, and vanadium 
are used. Titanium is especially desirable, because it is one 
of the few metals that will unite with either the oxygen or 
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the BitrogeB that may be left in the steel. When added to 
the extent of 10% to 15%, titanium makes the steel homoge- 
neous and increases its wearing qualities 40% or more. 

538. How Steel Is Tempered. The properties of steel 
depend not only upon the per cent of carbon it contains, but 
also upon the manner in which the carbon is held. A mild 
steel having as low as 0,2% carbon resembles wrought iron 
and ' it ' is often substituted for it. Such steel cannot be 
tempered. Low-carbon steel contains from 0.2% to 0.8%> of 
carbon, so small an amount that it cannot be tempered. 
High-carbon steel contains from 0.8% to 2.0% of carbon. 
Such a steel can be tempered, but it is difficult to weld. 

If a high-carbon steel is heated above C., or to a 
bright cherry heat, a carbide of iron is formed. It dissolves 
in the iron that is present. If such a solution is cooled 
quickly by plunging it into water or some other cooling me- 
dium, the carbide does not separate. A very hard steel 
results, but it is decidedly brittle. If the solution of iron 
carbide in iron is cooled slowly, some of the iron carbide 
decomposes and a mixture of iron carbide, iron, and grayhite 
results. Such a mixture is soft and tough. All grades of 
hardness between these extremes may be obtained by re- 
heating a hardened steel to a definite temperature, and then 
cooling it quickly. For example, a piece of steel is heated to 
a bright red heat, and then cooled by plunging it into cold 
water. It will be hard, but very brittle. If it is reheated to 
about 220"^ C., and then cooled quickly, it will not be quite 
so brittle. Such a process is known as tempering. It will be 
hard enough for use in making razor blades. If reheated 
to about 280® C. and then cooled quickly, it becomes much 
more flexible. Such a steel is suitable for watch springs 
or sword blades. If we reheat the steel to from 300® to 350® C., 
more of the iron carbide decomposes, and the tempered steel, 
formed by quickly cooling the product, is suitable for making 
hand saws and other wood-working tools. Sometimes in 
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makin^g cadged tools^ such, as chisels, ■ only the tip is cooled 
at first. Then heat flows slowly into the tip from the 'tin- 
cooled portion until it has the proper temperature. At that 
instant the whole piece of steel is cooled quickly. The work- 
man sometimes determines the correct temperature from 
the color of the oxide that is formed when the steel is reheated. 
Delicate pyrometers are used in large plants to measure the 
exact temperature. The quality of the steel varies with the 
medium used for cooling. Steels are quenched, for example^ 
in cold "water, hot w^ater, oil, and certain melted salts. 

539. How a Soft Steel Is Case Hardened. Sometimes a 
tough steel must have a hard surface. It is possible to start 
with a soft, low^-carbon steel and to harden its surface by 
packing it in charcoal, sodium cyanide, or scrap carbonaceous 
material, and heating it until sufficient carbon is absorbed at 
the surface to give it the desired surface hardness. This 
inethod of forming a hard surface skin or layer of high- 
carbon steel on a soft, tough core is knowm as case hardening. 
The surface of a case hardened steel resists wear, and the 
tough core makes the steel less likely to break under strain. 

540. How Steels Are Tested. In the slower processes of 
making steel, samples of the product are taken from the 
fiiiiiace from time to time and sent to the chemist for analy- 
sis. He may determine the per cent of phosphorus, the per 
cent of carbon, the per cent of manganese, and the per cent 
of sulfur. Other samples may go to the physical laboratory 
where they are tested for hardness, tensile strength, crushing 
strength, and elasticity. Special tests are made when the 
steel is to be used for special purposes. For example, in 
testing freight car axles, the axle is laid upon two supports 
placed about two feet apart, and a weight of 2600 lb. is 
dropped upon the axle from a height of more than 40 ft. The 
axle is not supposed to crack when subjected to such blows 
three times in succession. But neither the physical test nor 
the chemical tests will show the presence of blowholes. 
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The microscope is now much used to tell what properties a 
sample of steel will have. A sample is ground to give a flat 
surface, etched with an acid, and then photographed when 
highly magnified. An expert in photomicrography can tell 
a great deal about the properties of steel and other metals 
from photomicrographs. (See Pigs. 312 to 317, inclusive.) 

641. Special Steels. Certain metals added to steel form 
alloys that have special properties which fit them for par- 
ticular purposes. Ordinary carbon steel is an ahoy, but the 
name oEcyy steel is given to these special alloys. The metals 
are usually added to the steel just before it is drawn from 


Fig. 312. — Cast iron Fia. 313. — Cast iron 

(lOOdiam.). (annealed). 

the furnace. For special uses in the automobile and airplane 
industries new alloys are always in demand. 

Nickel steel made its appearance shortly after the battle 
of the Monitor and the Merrimac. It may contain 4% or 
more of nickel. Such an alloy steel is not easily corroded^ 
and it combines toughness with hardness. It is strong and 
elastic. It finds use in making armor plate, automobile 
parts, and bridge materials. Invar is a nickel steel alloy 
that contains about 36% of nickel. It is little affected by 
changes in temperature; hence it finds use in making meas- 
uring tapes, pendulums for clocks, and automobile parts. 
Permalloy contains about 80% of nickel. It is so easily mag- 
netized that a bar of it becomes a magnet when it is held 
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in a North and South direction and iron filings will cling to 
it. When it is turned to an East and West direction the 
bar loses its magnetism, and the filings fall off. 


Fig. 314. — • Wrought iron Fig. 315 . — Wrought iron 

showing siag (100 diam.). (reheated). 

Chrofne steel is exceedingly hard and tough. It finds use 
in making ball and roller bearings, and for the jaws of crush- 
ing machinery. When the amount of chromium used reaches 
from 6% to 14%, the alloy is known as stainless steel.^^ 


Fig, 316. Stee! magni- Fig. 317. — Steel after re- 
lied (100 diam.). heating. 

It resists corrosion remarkably well. Hence it finds use in 
making knives, cooking utensils, surgical instruments, golf 
clubs, and various metal fittings. 

Nickel-chromitim steel contains both nickel and chromium, 
usually about 4% of each one; It is hard and tough, suitable 
for making plowshares, armor plate, crankshafts, files, and 
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gear teeth. Stmjbright deel contains 18% of chromium .and 
8% of ; nickel. , It - does not- tarnish . It is sold under .the trade 
name of Allegheny ?netaL 

; CMommm-vanadmm steel has a very high te,nsile strength. 
It mis used ill making automobile parts that must be subjected 
to '. severe strains and shocks. A thin strip of good vanadium 
steel may be bent nearly double without breaking. 

Manganese steel is exceedingly hard, even when it is cooled 
slowly. The tmst specimens w^ere so hard that no tool would 
cut them and they were as brittle as glass. Such steels are 
now made that are still extremely hard, but not so brittle. 
They find use in making burglar-proof safes, Jaws for stone 
crushers, and teeth for steam shovels. During the World 
War, manganese steel was used for making hehnets. 

Silicon steel is very flexible. It finds use in making auto- 
mobile springs. It is also used for making the cores of trans- 
formers and electromagnets, because it is easily magnetized, 
and it loses its magnetism easily. Cast iron that contains 
considerable quantities of silicon is very resistant to cor- 
rosion and to the action of acids. Durirori is an alloy that 
contains from 12% to 15%^ of silicon. It finds use for making 
pipes and liquid containers that resist the action of moist air 
or dilute acids. 

Tufigsten steel contains rather a high percentage of tungsten 
and sometimes chromium. It may be heated to a red heat 
and cooled in the air without losing its temper. Hence it is 
known as air-cooled ^ or self-tempering steel. When used as 
a lathe tool, for cutting other metals, this steel will retain 
its hardness even when it is heated red hot by friction. It 
is often called high-speed steel, since tools made of it can 
cut about ten times as fast as the old lathe tools. Molyb- 
denum is often used instead of tungsten for making “high- 
speed^^ steels. High-speed steels sometimes contain cobalt. 
They are called “super-high speed'' steels. Cobalt alloy 
steels are now used in making permanent magnets. They 
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retain their magnetism, and they- are more powerful than 
magnets made of other substances. 

Nitrallmj steels are made by treating a special steel, which 
contains a little aluminum, with ammonia gas at a tempera- 
ture of about oOO'^ C. for a certain length of time. It is ex- 
tremely hard and it is not corroded by either fresh or salt 
water. When used in motors, it reduces wear and cuts down 
oil consiiiiiption, because its surface is so smooth and hard. 
The reduction in friction permits motors to be run at a 
greater speed if this steel is used. 

§42. Properties of Iron. Pure iron is so rare that its 
properties have little interest for us.. It is a silver-white 
metal, soft, tough, and ductile. It does not tarnish readily. 
Iron that is used commercially varies in its properties, be- 
cause it contains carbon and other impurities in varying 
amounts. All forms, however, corrode or rust in moist air. 

The corrosion of iron is a complex process. It is probable 
that a basic carbonate is first formed, and that it decomposes 
and forms a hydrated oxide, which is the final product in 
the corrosion of iron. Iron rust is brittle, and it scales off, 
exposing the metal underneath to the agents of corrosion. 
Therefore iron is not a self-protective metal. In fact, the rust 
seems to act as a catalyst to form more rust, until the entire 
piece is finally, converted into iron oxide. Acids accelerate 
corrosion,. but alkalis retard it. ■ 

In some cases the corrosion of iron seems to be an electrical 
process. A carbon particle in contact with a piece of iron 
will cause the iron to rust rapidly. The carbon acts like the 
positive plate of a niiniature voltaic cell, and the iron be- 
comes the negative plate. Moisture dissolves carbon dioxide 
from the air and serves as the electrolyte. The iron, which 
really becomes the negative plate, goes into solution rapidly. 
Cinder concrete is responsible for the rapid rusting of the 
pipes in many bath rooms. Cement mortar placed next to 
the pipes will protect them. 
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Dilute acids act readily upon iron, but alkalis have no 
effect upon it. Concentrated nitric and sulfuric acids do 
not attack iron. In fact, dipping iron into concentrated 
nitric acid renders the iron passive, or inactim^ with respect 
to its behavior toward other chemicals. 

543. How Can Iron Be Protected? It is unfortunate that 
our most useful metal rusts so rapidly that methods of 
protecting it must be used. A few of the common methods 
are discussed here: 

1. Coating it ivith other -nieials. We have already learned 
that iron is pickled in acids to remove any coating of oxide, 
and then coated with certain metals, either by the dipping 
process or by plating. Zinc is the metal used for galvanizing. 
In making tinware, sheet iron is covered with a thin layer 
of tin. Finely powdered aluminum is used for silvering 
radiators. Iron is plated with nickel or with ckromiufn, 

2. Coating it with non-metals, or metallic compounds. Iron 
that is kept well-painted does not rust, but certain kinds of 
paint accelerate corrosion. In making enamel-ivare a special 
mixture of borates and silicates is fused, granulated in cold 
water, and then finely powdered. The iron is thoroughly 
cleaned and then dipped into a suspension of this powder 
in water. It is then heated in a furnace until the pow’^der 
melts and forms a glaze on the surface of the iron. Lacquers 
and varnishes are also used to prevent the rusting of iron. 

3. Alloying the iron with other metals, Silicon alloys have 
been mentioned. There are several t 3 rpes of stainless steel 
on the market. They contain from 6% to 14% of chromium. 
Allegheny metal does not tarnish. It contains 18% of 
chromium, and 8% of nickel. 

4. Using chemicals to form a mrface coathig. When a 
blacksmith heats a piece of iron, a black scale of ferroso- 
ferric oxide, Fe 304 , is formed at the surface. It is adherent 
and non-porous. By treating red-hot iron with steam, a 
thin coating of this oxide is formed. Under the name of 
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Russia iron it is produced artificially on locomotives, stoves, 
stovepipes, etc., to prevent corrosion. It scales off, if the 
iron is pounded. Iron is Parkerized by dipping it into a hot 
alkaline solution of sodium phosphate. This covers the iron 
with a protective coat of what is believed to be basic phos- 
phate of iron. The coat is so thin that the si25e is practically 
unchanged. 

544» The Oxides of Iron. Of the three oxides of iron, 
ferrous oxide, FeO, is of little importance, since it changes 
rapidly when exposed to the air, and forms fendc oxide, 
Fe 203 . This oxide is not only the most important ore of iron, 
but it finds use as a cheap red paint sold under the name of 
red ocher, Venetian red, or Indian red. Rouge is a form of 
iron oxide that is used as a pigment and for polishing, if- 
mo-nite is a natural hydrated ferric oxide that is pulverized and 
used as a pigment under the name yellow ocher. When heated 
or roasted it forms the siennas and umbers, Princds mineral, 
which fornis an excellent paint for metal roofs, is made by 
calcining a hydrated oxide or carbonate of iron that contains 
some earthy material. Feiroso-ferric oxide, Fe 304 , was dis- 
cussed in the preceding section. 

645. Oxidation and Reduction Are Related to Valence 
Changes. Two chlorides of iron are known. In ferrous 
chloride, FeCl 2 j the valence of the iron is 2; in ferric chloride, 
FeCh, the valence of the iron is 3. If we treat a solution of 
ferric chloride with nascent hydrogen, the ferric chloride is 
reduced to ferrous chloride, and the valence of the iron is 
loiaercd from 3 to 2, The equation follows: 

Fe+++, 3C1- + (H)» --> Fe++, 2C1- + H+ Cl". 

This is an example of reduction in which no oxygen is 
abstracted from the compound at all. The valence of the 
iron is lowered. We rmy define reduction as a chemical re- 
action that imolves/a lowering of the valence of the positive 
element. From the standpoint of the ionic theory, reduction 
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fs accomplished when a positive ion gains a negative charge. 
For examplej . 

jr0“i”+-f ^ ^ ^ Fo"^. 

In , terms ofliie electron theory of valence, a positive element 
is reduced lohen it gams one or more electrons. 

Conversely, we can oxidize ferrous chloride to ferric chlo- 
ride by heating it with an oxidizing agent in the presence of 
hydrochloric acid: 

2Fe-^+ 4C1- + 2H-^, 201““ + (0)^-^2Fe+++ 601“ + H^O. 

In this case the valence of the iron is increased from 2 to 3. 
Oxidation may be defined as a chemical reactioji that involves 
an mcrease in the vale^ice of the positive element. In terms of 
the ionic theory, an io7i is oxidized when it loses a negative 
charge. 

- (~) — V Fe+"^”^. 

Based upon the electron theory of valence, an element is 
oxidized if it loses one or more electrons, and reduced if it 
gains one or more electrons. In the simple equation, 

Cu+“ 0-"- + 2W C\f + H 2 +' 0"2, 

we see that the copper, in being reduced, has its valence 
lowered from + 2 to zero. The hydrogen, in being oxidized, 
has its valence raised from zero to + 1. 

546. Will ‘‘ous’’ or Compound Be Formed? If we 
treat iron with dilute hydrochloric acid, ferrous chloride will 
be produced. Hydrogen, which is a reducing agent, is 
liberated during the reaction, and it keeps the iron reduced 
to the ^^ous^’ condition. For the same reason, ferrous sulfate 
is formed by the interaction of dilute sulfuric acid on iron. 
Ferrfc salts are formed when oxidizing agents are present. 
Hydrogen peroxide added to a solution of ferrous sulfate 
win oxidize it to ferric sulfate. 
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★ ^ 547. Other Compounds of Iron. Ferrous sulfate^ FeS 04 j 
is obtained as a by-product by, concentrating the solutions, 
used for cleaning iron or steel that is to be dipped or plated.. 
It forms light green crystals known as copperas ^ or green 
miriol. It finds use as a mordant, for making black inks, and' 
as a spray for destro 3 d.iig weeds.. Ferric chloride, FeCls, ' is 
used in medicine. Absorbent cotton, dipped into, a solution 
of ferric chloride, forms styptic cotton. When put on a wound 
it stanches the flow of blood and it also serves as an antiseptic. 

★ 548. Inks. If we add to a freshly prepared solution of 
ferrous sulfate a solution of tannic acid, the nearly colorless 
compound, ferrous tannate, is formed. It slowly oxidi^ies 
to form the black compound, ferric tannate. Iron inks 
contain ferrous tannate, dextrin, some poisonous com- 
pound to prevent the growth of mold, and usually a little 
dye to give the ink a temporary color until the ferrous 
tannate is oxidized to ferric tannate to produce a permanent 
color. Many of the inks now used are solutions of aniline 
dyes. A third class of inks, of which printer’s ink is a com- 
mon example, is made from lampblack and some material 
to serve as a binder. Iron inks are eas% removed by the 
use of a reducing agent, but the other types cannot be 
removed by this method. Sodium hypochlorite is used ex- 
tensively for removing ink stains. It must never be used on 
colored fabrics or on silk. Skimmed milk applied at once to 
fresh ink stains and then followed by cold water will usually 
remove nearly all the stain., 

549. Tests for Iron. If we add to a solution of a ferrous 
salt a few drops of a solution of potassium ferricyanide, 
K 3 Fe(CN) 6 , commonly called red prussiate of potash, a dark 
blue precipitate is formed. This blue substance is known as 
ferrous ferricyanide; it is used as a pigment under the name 
of TurnhulVs blue. Since the reaction occurs only when 
ferrous ions are present, it serves as: a test for ferrous iron, 

SFeCb + 2K3Fe(CN)6-^Fe3CFe(CN)6]2 i + 6KCL 
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„ A dark blue precipitate is also obtained by mixing solu- 
tions of d^Jerric salt and potassium ferrocyanide^ K 4 Fe(CN) 6 j 
OT the yellow 

4FeCl3’ + 3K4Fe(GN)6 Fe4[Fe(CN)6l i + 12Ka. 

This reaction takes place when ferric ions are present, and 
it serves as a test for ferric iron. The precipitate, known. as 
Prussian hlue, is used as a pigment. It is sometimes used 
as laundry blue. If the clothes have not been rinsed free 
from alkaline soaps, their alkalis will decompose this blue 
compound, precipitating ferric hydroxide on the fibers and 
forming iron rust spots. 

★ 550. Blueprints. Solutions of ferric salts form only a 
brown solution when mixed with potassium ferricyanide. 
Blueprints are made by coating in the dark a well-sized 
paper with a mixture of the solutions of ferric ammonium 
citrate and poiassitmi ferricyanide. After the paper is dry 
it is then placed under the negative and exposed to the light. 
Wherever the light strikes the paper, reduction occurs and 
a ferrous salt is produced. The reduction proceeds more 
rapidly where the light is strongest. The print is developed 
by dipping it into water; then any /errows salt formed by 
reduction reacts with the /cmcyanide to form Turnbull^s 
blue. Where no light strikes the print, no reduction occurs 
and the water washes away the unchanged mixture, thus 
fixing the print. The exposed portions will be blue in color 
and the unexposed parts will be white. 

B. NICKEL ANB ITS COMPOUNDS 

551. Nickel. Some nickel is found in the United States, 
but Ontario, Canada, produces nearly all our supply. Nickel 
is a hard silver-white metal, capable of receiving a high 
polish. It does not tarnish easily. In its chemical proper- 
ties nickel resembles iron, although it is not nearly so active. 
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552. Uses of Nickel. ■ Considerable nickel is used as a 
coating to prevent the rusting of iron. Some nickel is used in 
hydrogenating oils, and we know that large quantities find 
use in making nickel steels. (See Fig. 318). 

The nickel coins are alloys , containing about 20% nickel, 
the remaining constituents being mainly copper. Monel 
metal is made directly from a complex ore of nickel. It con- 
sists of about 67% nickel, 28% copper, and small quantities 
of iron and manganese. This alloy is strong and tough, and 


it resists the action of the air and of acids. It finds use in 
making valves for steam engines, and in making screens for 
filtering chemicals. It makes almost ideal fly screens for 
doors and windows. Nichrome is a valuable alloy of nickel, 
chromium, iron, and manganese. This alloy melts only at a 
very high temperature and it has a very high resistance to 
the passage of an electric current. Hence nichrome is used 
for making electric flatirons, toasters, and heaters. It forms 
excellent boxes for use in case-hardening steels. 

★ 653. Nickel Compounds. This metal forms nickelous 
and nickelic salts in which the valence of nickel is 2 and 3 
respectively. Nickelous salts are more common; they usu- 
ally crystallize as beautiful green crystals. Nickel flake and 


Courtesy Edison Storage Battery Co. 


Fig. 318. — To make nickel flake, the revolving cylinders are plated 
with alternate layers of nickel and copper. Then the copper is dissolved 
in acid and the thin nickel sheets are shredded. 
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nickelous oxide are used for making the positive plate in 
the Edison storage battery. In charging such a battery the 
nickelous oxide is oxidized to the nickelic. Nickelous ammo~ 
nium sulfate is used as the electrolyte in nickel plating. 

C. COBALT AND ITS COMPOUNDS 

554. Cobalt. This metal so closely resembles nickel that 
they are often called the twin metals. It has been used 
in some eases to plate iron, but it is quite expensive. One of 
the alloys of cobalt is stellite, which consists mainly of cobalt 
and chromium. This alloy finds use in making “stainless” 
cutlery, since it is very resistant to acids. It is a competitor 
of tungsten steel for use in lathes for cutting metals at high 
speed. . 

Carboloy is made by combining cobalt with a carbide of 
tungsten. It is the hardest material manufactured for use 
in making cutting tools. Carboloy is hard enough to cut 
threads on glass and to bore holes through glass or porcelain. 
As a lathe tool for cutting metals, it may be used for high- 
speed work, since it is not a steel, and it has no “temper.” 
It is a tough alloy, and not easily broken. 

★ 556. Cobalt Compounds. Like nickel and iron, cobalt 
has a valence of 2 or 3. The cobaltous compounds, which 
exist as red crystals that form pink or red solutions, are the 
more common. Since cobalt compounds are red when hy- 
drated and blue when anhydrous, cohaM chloride, CoCb, is 
used as a rather crude method of determining the amount 
of moisture the air contains. Substances coated with its 
solution change color as the moisture in the air varies. When 
the relative humidity is high they are pink in color; as 
the air grows less moist they change to a lavender or blue 
color. As the blue color is far more intense than the red, 
cobalt salts form the basis of the so-called sympathetic or 
invisible inks. The writing which is done with a dilute solu- 
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tiori is aliiios't colorless until heat is applied; then the more 
intense blue color shows clearly. Cobalt nitrate^ Co(NOs) 2 , 
finds some use in analytical work. Cobalt compounds im- 
part to glass a beautiful blue color. A mixture of the oxides 
of cobaltj copper, manganese, and silver was used in gas 
masks during the war under the name of hopcalite. . 

Carbon monoxide is not appreciably adsorbed by activated 
charcoal in gas masks, but by the action of hopcalite it^ may 
be oxidized to form the harmless carbon dioxide. 

SUMMARY 

The iron family includes iron, nickel, and cobalt. The oxides 
of iron are the chief ores. Minnesota, Michigan, and several 
other states are large producers of iron ore. 

Ill Minnesota the earth is stripped off, and the loose ore is 
mined with steam shovels. Shaft mining is used in Michigan. 

Steel can be made by starting with wrought iron and adding to 
it the desired amount of carbon. It is usually made by starting 
with cast iron and removing some of the carbon. 

Ill the Bessemer process the excess carbon is all burned out by 
means of a blast of air, and spiegeMsen or ferromanganese is then 
added to introduce the right amount of manganese and carbon. 
.(See Mg. 31,9.) 

In the open-hearth process, cast iron is heated with iron ore until 
a steel of the desired carbon content is obtained. The process is 
slow enough so the product may be tested from time to time. 
Steel is also made in the electric furnace. 

Wlieii steel is heated, and then cooled quickly, it is very hard 
and quite brittle. If cooled slowly it becomes soft and tenacious. 
When hard steel is heated a second time to a certain temperature 
and then cooled properly, a process known as tempering, steel of 
any desired degree of hardness between these extremes is produced. 

Ordinary iron rusts in moist air, forming a hydrated oxide. Iron 
may be protected by covering it with zinc, tin, or nickel. Alu- 
minum is used as a protective paint. Other methods of protecting 
iron include the use of lead paints, lacquers, and enamels. A thin 
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Fig. 319. — From iron ore to the steel ingot. Bessemer steel (left) 
open-hearth steel (right). 


adherent film of magnetic oxide of iron forms when iron is treated 
with superheated steam. Iron cowered with such a protective 
coat is known as Russia iron. Iron or steel may fae Parkerized. 

Any chemical change that involves a decrease in the valence of 
the positive element of a compound is reduction. Oxidation causes 
the valence of the positive element to be increased. 
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Ferrous sulfate is used as a mordant, as & spray for weeds, and in 

tlie liianiifacture of ink. 

Aferrom salt gives a blue color with Sk ferricyanide; & ferric salt 
gives a blue color with a /err oc-^a?w*de. 


PROPBiiTiES OF Iron and Steel 



Carbon 
content, 
per cent 

Structure 

Hardness 

Properties 

Cast iron 

2-5 

Crystalline 

Very hard 

Cannot be welded 
or tempered 

W'ro'ught iron . . 

0.05-0.3 

Fibrous 

Soft 

Can be welded, 
but not tem- 
pered 

Steel 

fiow-carhon) 

0.2-0.8 

Granular 

Moderate 

Can be welded, 
but not tem- 
pered 

Steel 

(high-carbon) 

! 

00 

d 

Granular 

Hard 

Can be welded 
and tempered 


QUESTIONS 

Group A 

1, Why cannot wrought iroii be tempered? Why cannot cast 
iron be welded?' .Why is it more -difficult to weld a high-carbon 
steel than it is to weld a low-carbon steel? 

Compare east iron, wrought iron, and steel as to composi- 
tion, properties, and' uses. . 

3. What is the function of a purifier” in steels? 

4. Why w^ould you not expect to find iron occurring free in 
nature? ' - 

§. How would jou convert ferric chloride into ferrous chloride? 

6, What would happen if you added some hydrogen peroxide 
to a solution of ferrous sulfate? 

7. Which class of iron compounds is more stable when exposed 
to air? Which would be more stable, the salts or their water 

solulionsf 
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8, ' If you were given an. iron solution how wou.id 3.'oii teli 
whether it contains ferrous or ferric iron? 

,'9. Given a solution, of an .iron salt. ■ .How could j^oii tell 
wliether it is a chloride, a nitrate, or a sulfate? 

10. Name three important alloy steels,, giving , their uses. 

,11. .Name as many ways as you can of protecting iron from 
corrosion. 

, ' 12. What kind of iron ore is made into steel by the add Bes- 
semer process? 

13. Give two definitions of oxidation. Two of rediictioii. 

14. Wh}?' should a black paint not be applied as a protective 
coating for iron? 

15. What is ‘‘cinder concrete”? Why should it never come 
into contact with iron pipes in a plumbing system? 

16. Why did the use of alloy steels and case hardening follow 
rather closely the first battle of iron-clad ships? 


Group B 

17. What is meant by case-hardening? What is the purpose? 

18. Freshly prepared ferric hydroxide is an antidote for arsenic 
poisoning. How would you prepare this compound? Write the 
equation for the reaction. 

19. Oxalic acid is a reducing agent. What kind of ink stains 
can be removed by the use of oxalic acid? 

20. How would you remove a stain made with an iron ink? 
Would the same method be useful for removing rust stains made 
in the laundry from Prussian blue? 

21. How are sympathetic inks used? 

22. Why have the processes for making steel out of cast iron 
gradually superseded those of making steel out of wrought iron? 

23. What is meant by a regenerative furnace? What are its 
advantages? 

24. Why does not the molten iron in a Bessemer converter 
solidify when a blast of cold air is blown into the converter? 

25. What do you think would be the probable outcome of a 
war between two nations of equal resources if one of them held the 
secret of making ^^high speed” steel? Explain. 
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PROBLEMS 

Group A 

1. How many pounds of iron can be obtained from one ton of 
ore that is 95% hematite, FejOa? 

2. How many pounds of iron chloride can be made by dis- 
solving 500 Ib. of iron in hydrochloric acid? 

be made by dissolving 

oOO Ib. of iron in dilute nitric acid? 

Group B 

4. A lump of iron weighing 112 gm. is dissolved in hydro- 
chloric acid. How many grams of ferrous chloride wiO be formed? 
How many liters of hydrogen will be set free? 

5. To 100 gm. of ferric chloride, 40 gm. of sodium hydroxide 
are added. How many grams of ferric hydroxide are precipitated? 

6. How many grams of oxygen will be needed to oxidize 
200 gm. ol lerrous sulfate to ferric sulfate in an acid solution? 


SUPPLEMENTARY PROJECTS 
Prepare a report on one of the following topics : 

1. Taylor and White’s exhibit of “ high speed ” steel at the Paris 
exposition. 

Reference: Stoughton-, Bradley, Metallurgy of Iron and Hlcel 
McGraw-Hill. 

2. Kelly’s claims to priority in making steel by use of an air 

blast. 

, Ileferenee: New Inteniationul Encyclopedia* 


CHAPTER 37 


COPPER — SIL¥ER — GOLD 

Vocabulary 

^ Argentiferous. Silver-bearing. 

Cupel, A small, shallow, porous cup or crucible. 

Sized. Coated with some glutinous material to fill the fxires. 

AlluviaL Alluding to the deposits made by streams or rivers. 

Sluice. An artificial passage for water. 

Riffles. Bars or poles laid across the bottom of sluices to intercept 
the gold. 

Matte. Crude impure metal, or a mixture of metals, smelted from 
sulfide ores. 

556. Introductory, Three metals, copper, silver, and gold, 
are included in the copper family. All of these roetals are 
found free in nature to some extent. All of them u^ero known 
to the ancients. They are all soft, dense metals, both malle- 
able and ductile. Silver is the best conductor of lieat and 
electricity known. Copper is second, and. gold third. If we 
refer to the activity series of metals, we find these metals 
near the bottom of the list. From the periodic table, we ob- 
serve that the group valence is 1. Copper, however, is more 
often 2; and gold is usually 3. 

A.: COPPER 

567, Where and How Copper Is Found. About 60% of 
the world's output of copper is produced in the United States. 
Montana produces a little more than one-third, and Arizona 
and Michigan each about one-third. In northern Michigan 
native copper is found, sometimes in large masses six feet 
thick. The Calumet and Hecla mine is world famous. Its 
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shaft is 8500 ft. long, more than one mile in vertical depth. 
Usually the copper ore in Michigan is mixed with quartzite 
rock. (See Fig. 320.) The ore in Montana consists of copper 
sulfides. Chalcocite, CU2S, is known as ^^copper glance.^’ It 
is very .rich in copper. Two double sulfides of copper, chal’- 
copyrite and bornite^ are important ores. In Arizona, copper 
occurs in the form 


of two beautiful 
minerals, malacMte 
and azurUe. Both 
are basic carbonates 
of copper, . One is 
green and . the other 
is azure blue. They 
are hard and take a 
hig,h polish, tience 
fine specimens are 
so.metimes .used' for 
table tops and for 
ornamental ' pur- 
poses. Gold and sil- 
ver, together with 
arvsenic and anti- 
mony, are usually 
found associated, 
with, copper ores. 

,★ Extraction of 
bonate ores are first roasted to form the oxide of copper, which 
is then reduced with carbon. Wlien copper is to be extracted 
from complex iron and copper ores, some method must be 
used to separate the iron from the copper. Since iron is 
active than copper, it will combine with silica to form an iron 
silicate, or slag. Hence some roasted ore, some imroasted ore, 
and coke are heated in a blast furnace similar to that used 
extracting iron. The bulk of the iron unites with the 



Fig. 321. — Converter used for making blister copper. 


used to line the furnace. A matte consisting largely of cu- 
prous sulfide, with traces ofgold, silver, arsenic, andantimony, 
is formed in the furnace. Both the slag and the matte are 
then drawn off into a forehearth. The lighter slag floats, 
and it is removed from the top of the hearth; the matte is 


drawn off at the bottom. In this manner nearly all the iron 
is separated from the copper. 

★ 659. How Blister Copper Is Made. The next step is the 
making of hlider copper. The matte is poured into a con- 
verter not unlike that used in the Bessemer process. Here 
the sulfur, arsenic, and antimony are oxidized and volatilized 
by the air-blast. (See Fig. 321.) Any iron that remains com- 
bines with the silica used to line the converter and forms a 
slag. After the copper is poured from the converter, it is per- 
mitted to cool and solidify. As it cools it expels some sulfur 
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EEFINING OF COPPER 


dioxide that had been absorbed. The product is full of bubbles 
and it is known 'as blister copper. The silver and gold are 
still retained by the copper. ' ■ ' 

★ 560. The Poling of Copper. Blister copper contains traces 
of copper oxide. To remove the oxygen, the molten blister 
copper is stirred in a reverberatory furnace with long green 
(freshly cut, or unseasoned) poles. The carbon and the hy- 


Refining copper by electrolysis. A set of electrodes lifted from 
the eieetroiytie tank is shown at center. 


drocarbons from the freshly cut poles reduce the copper oxide 
to metallic copper. The poled copper is then cast into anode 
plates to be refined by electrolysis. 

561. Refining of Copper. For two reasons copper is re- 
fined before it is put on the market. (1) Appreciable amounts 
of gold and silver are left in the poled copper. Sometimes 
the amount of these metals recovered more than pays for 
the cost of refining. (2) Copper is largely used for making 
electrical conductors, and small amounts of impurities in- 
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crease its .resistance. Traces of arsenic in copper lower its 
conductivity decidedly. As low a percentage of iron as 0.4 
of 1% decreases the conductivity of copper 64%. 

copper, sheets of pure copper form the cathodes 
and large plates of impure copper the anodes. The elec- 
trolyte is a solution of copper sulfate in sulfuric acid. Copper 
goes into solution at the anode and pure copper is deposited 
at the cathode. (See Fig. 322.) The impurities fall to the 


Fig. 323. — Molds ia wHch copper ingots are cast. 

bottom of the tank as a mud or slime. The gold and silver 
are recovered from this slime. Figure 323 shows the rotating 
table upon which copper ingots are cast in molds. 

562. Properties of Copper. Copper is a soft, red metal. 
It is ductile, malleable, and very tenacious. Its specific 
weight is 8.9. As a conductor of heat and electricity, copper 
stands next to silver. 

Heated in the air, copper forms black cupric oxide^ CuO. 
The vapor of copper burns with a green flame. Copper com- 
pounds also burn with a green flame, and their solutions 
are colored a deep blue by ammonia. Exposed to the action 
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of sulfur fumes, copper soon becomes covered with a blue- 
black coating of copper sulfidcj CuS. In moist air^ copper, 
tarnislies and forms a green basic carbonate. ' The metal is 
self-protective, since the tarnish is adherent. Hydrochloric 
acid does not affect copper, nor does dilute sulfuric acid. 
Nitric acid and hot sulfuric acid, acting as oxidizing agents, 
attack copper and form the nitrate and sulfate, respectively. 
The soluble compounds of copper are poisonous. 

§63. Uses of Copper. For making electrical conductors, 
copper is used more extensively than any other metal. It 
finds use for sheathing ships, for making electrotypes, in the 
manufacture of alloys, for making hot water heater coils, and 
for roofing, gutters, and flashings. 

Brass is an alloy of copper and zinc; bronze is an alloy of 
copper and tin which may also contain zinc. German silver 
contains copper, zinc, and nickel. All the coins contain some 
copper, some of them as high as 95%. For hardening gold, 
copper is much used in making jewelry. 

564. The Compounds of Copper. In cuprous oxidCy CuaO, 
copper has a valence of 1 ; in cupric oxide, its valence is 2 . 
The cupric compounds are the more important. Copper oxide 
is used in rectifiers to change alternating to direct current. 
No compound of copper is so important as copper sulfate^ 
CuSO.!, which forms large blue crystals having the formula, 
CUSO 4 . 5 H 2 O. It is generally known as blue vitriol^ or blue-- 
stone. We have already learned that it is effective in destroy- 
ing algae and bacteria in city reservoirs. It finds use as a 
mordant in calico printing, for copper plating and electrotyp- 
ing, and as a fungicide and insecticide. For spraying fruit 
trees and grapevines, it is generally used in the form of Bor- 
deaux mixture, a preparation made by mixing a solution of 
copper sulfate with slaked lime. This preparation was first 
used in the vineyards of France to prevent mildew. It has 
also been found to be effective for spraying potato vines in 
efforts to check blight. 
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■B, SILYER 

565/ How Silver Occurs in Nature. Many ores of copper 
and lead are silver-bearing. Siicli ores arc so refined tliat the 
silver can be recovered. Silver is found free in iiatiire. The 
compounds, sffoer sulfide^ Ag 2 S, and silmr Monde , AgCl, are 
found in nature. The latter is called Anrn silver. It is soft 
enough to be cut with a knife. When so cut, the surface re- 
sembles ‘diorii^’ in appearance. Like copper, sih'^er was 
known to the ancients. The United States, iXIexieo, Canada, 
and South America are the largest producers of silver. 

★ 566. How Silver Is Extracted. In recovering the silver 
from the copper refining process, the anode “mud^^ that is 
left is screened and then treated with sulfuric acid, wliich dis- 
solves the silver but not the gold that is present. To the 
silver sulfate solution that is formed, scrap copper is added 
to precipitate the silver. The equation follows: 

Cu '+ Ag2S04 CUSO 4 + 2Ag ' ! . ; , ' 

Parfcca' process. In recovering silver from argentiferous 
lead ores, the lead ore is roasted and treated as described in 
Section 582. Then the lead, which contains both silver and 
gold, is heated in a reverberatory furnace. Such impurities 
as arsenic and antimony are oxidized and skimmed off the 
surface of the molten lead. Pieces of zinc are then added to 
the lead, which is stirred in large kettles. The gold and silver 
are much more soluble in zinc than they are in lead. There- 
fore they leave the lead and form an alloy with the zinc. Tills 
alloy is lighter than the lead, and it is removed as it floats at 
the top of the kettle. (See Fig. 324.) When this alloy is 
heated in a retort, the zinc distils off, and it is condensed for 
further use. Small quantities of lead that were removed with 
the zinc alloy are left after the zinc is boiled off. It is sepa- 
: rated from the silver and gold by heating the residue left in 
the retorts in bone-ash or cement cupels. In this process of 



Fxg. 324. — Kettleg for desilvering lead. 


a brownish-black tarnish of silver sulfide is readily formed. 
Silver dissolves readily in nitric acid and in hot concentrated 
sulfuric. Hydrochloric acid does not attack it, nor does dilute 
sulfuric acid. 

568. Uses. Silver is used in Jewelry and coins. The 
United States silver coins contain 90% silver and 10% cop- 
per. The British coins contain 92.5% silver. Sterling silver 
is an alloy having the same per cent of silver as the British 
coins. Large quantities of silver are used for plating table- 
ware. In silvering mirrors, advantage is taken of the fact 


mpellation^ part of the lead is oxidized and part is absorbed ' 
by the cupel. The silver is then separated from the gold by 

the use of sulfuric acid. ' 

667. Properties of Silver. Silver is a soft, white, lustrous 
metaL It is very ductile and malleable. Its specific weight 
is 10.5. Of all the metals, silver is the best conductor of heat 
and electricity. 

Silver is an inactive metal, since it does not oxidize even 
in moist air. If the air contains traces of sulfur, however, 
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CHEMICAL STf^ES IN THE MANUFACTURE OF FILM 


that silyer compounds are easily reduced, the silver being 
deposited on the glass as the reduction occurs. Jilnormous 
quantities of silver are used in making silver compounds for 
use in the manufacture of photographic films and plates. (See 
Fig. 325.) 

669. Silver Compounds. Silver nitrate, AgNO.i, crystal- 
lizes in colorless scales. Under the name of lunar caudic it 


Courtest/ of JSastman Kitdak Co. 
Fig. 325. — The chemicals used in the manufacture of photographic film. 

is sometimes used by surgeons for cauterizing abnormal 
growths, or wounds caused by the bites of animals. Silver 
nitrate solution used to paint the throat of a smoker is said 
to create a distaste for tobacco. Oxidized silver is made by 
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dipping silver into a solution of some sulfide, usually that of 
sodium, or ammonium. The name is, a misnomer, since the 
compound formed is silver sulfide, and not the oxide. Silver 
chloride, AgCl, silver bromide, AgBr, and silver iodide, Agl, are 
all sensitive to light when organic matter is present. The ac- 
tion is one of reduction. Metallic silver is formed. It is 
finely divided and very dark in color. These compounds are 
all used in photography. (See Figs. 326 to 331, inclusive.) 
Argyrol is a compound of silver with protein. It finds use 
in medicine. 

570. The Principles Involved in Photography. The main 
steps in the chemistry of photography consist: (1) In prepar- 
ing the negative; (2) In making the print. In the prepara- 
tion of the negative there are three important operations: 
(a) the exposure; (b) developing; (c) fixmg. The plate used 
for making the negative is prepared by covering a glass plate 
or celluloid film with gelatine containing silver bromide in 
suspension. This plate is exposed to the light just long 
enough to start the reduction of the silver bromide. It is 
then treated in a dark room with a developer, which consists 
of rather mild reducing agents, such as hydroquinone or py- 
rogalloL The developer cannot start the reduction of the 
tmchanged silver salt, but it can continue the reduction be- 
gun by the action of the light. After the developing process 
has proceeded far enough, the plate or film is then put into a 
strong solution of sodium thiosulfate, commonly known as 
hypo. This solution dissolves the unchanged silver salt so 
the plate will not darken when again exposed to the light. 
The ^^hypo^^ thus serves as a fixer. The more intense the 
light, the more rapidly the reduction occurs. White reflects 
more light than colored objects; hence white objects make 
the plate very dark and vice versa. For these reasons the 
plate is now called a negative. (See Fig. 332.) 

In making the print, a well-sized paper, sensitized in the 
same manner as the plate, is covered by the negative and 



, Fig, 328 at the left 
shows enough silver bul- 
lion to last a large manu- 
facturer of photographic 
films for one week. One- 
tenth of. ail the silver 
mined in the United 
States is used by one 
company for niaking 
sensitizing films, plates, 
and print , paper. The 
United States Mint is the 
only industry that uses so 
large a supply of silver. 


Fig. 327 shows a 
workman purifying sil- 
ver nitrate. The silver 
is dissolved in nitric acid, 
and the solution of sil- 
ver nitrate is heated in 
large evaporating dishes 
to expel the water. The 
nitrate that is formed is 
purified by fractional 
crystallization. The ni- 
trate of silver is then con- 
verted into the chloride, 
bromide, or the iodide. 


Fig. 328 shows the 
washing and drying of 
cotton preparatory to 
the nitrating process. 
The cotton is then 
treated with a mixture of 
nitric acid and sulfuric 
acid to form cellulose 
nitrate. A colloidal sus- 
pension, from which long 
rolls of thin films are 
manufactured, is then 
produced. 


Fig. ' 329 shows ■ a 
workman coating the 
.film with an emulsion 
that is .sensitive to light. 
After the silver nitrate 
has been converted into 
silver bromide, 'a col- 
loidal suspension of this 
sensitive salt is incoi- 
porated with gelatine or 
protein. Then the ceilu- 
iose nitrate film, is given 
an even coating of the 
light-sensitive emulsion. 


Fig. 330 gives us a 
view of the machines 
used to cut the films into 
strips of the desired 
width. The work as 
represented in Figs. 329 
and 330 must of course 
be done in rooms where 
only red light is used. 
The films are then 
wrapped in opaque pa- 
per, and are ready for 
exposure. 


Fig, 331 shows rolls 
of film of different 
widths. The standard 
film (for professional use) 
is 35 mm. wide, and the 
film for amateur use is 
16 mm. wide. Sometimes 
cellulose acetate is used 
for making the films in- 
stead of the cellulose 
nitrate, because it is less 
fiammable. Such film 
may be used without a 
special booth. 
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then so exposed that the light must pass through the nega- 
tive, Here the dark part of the negative' cuts off the more ' 
light and the intensity of reduction is- just the reverse from , 
that in the production of the negative, and a positive print 
is produced. (See Fig. 333.) The print is developed and 
fixed in the same manner as the plate. It is often toned by 
dipping it into a solution of the salts of gold or ^ platinum. 
The silver goes into solution, replacing the gold or platinum 
which is thus deposited on the print in place of part of the 
Silver. CJold gives warmer tones than silver. Platinum pro- 
duces a purplish color, or even a black. Sometimes the silver 
is partially oxidized and then converted into a sulfide to pro- 
duce a sepia print. 

C. GOLD 

571. Occurrence. We have already seen that gold is ob- 
tained from the ores of lead and copper. It is also found 
naiivej either in fine particles mixed with sand, or in veins of 
quartz. It can be profitably extracted when the quartz con- 
tains only a fraction of an ounce per ton of material 
★ 572, Extraction. When the gold occurs in alluvial sand 
deposits, hydraulic mining is used. Streams of water directed 
against the deposits carry away the earthy material through 
sluices. The heavy gold falls to the bottom where it is re- 
tained by riffles. (See Fig. 334.) . ■ 

Gold-bearing quartz ores are crushed to a fine powder by the 
use of a stamp mill. As the powder is carried away by run- 
ning water it comes into contact with mercury, which forms 
an amalgam with the gold. The gold amalgam is then dis- 
tilled to recover the mercury.. 

From certain ores gold is extracted by treating them with 
moist chlorine gas. The gold is dissolved by the chlorine, 
forming auric chloride, AuCh. Ferrous sulfate serves as a 
reducing agent to precipitate the gold... ' . 

Low-grade ores are treated with cyanide in the 
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presence of air. The .gold goes into solution as a double cy- 
anide of sodium and gold,, from which the gold can be precip- 
itated by the addition of a metal or by electrolysis. 

673. Properties and Uses of Gold, Gold is a soft^ yellow 
metal, very ductile and malleable. It has hammered 
out into sheets so thin, that it would take about 250 of them 


Jmktm iimdif Iron W^rk-B 

Fig. 334, — Streams of water wash down the alluvial gold deposits in 
hydraulic mining. 

to make a sheet as thick as a leaf of paper in this book. Gold 
is a good conductor of heat and electricity. It is a very heavy 
metal, its density being 19.3. It is about 7 times as dense 
as aluminum and nearly twice as dense as silver. Gold does 
not tarnish when exposed to the air; it is a very inactive 
metal. No single common acid affects gold, but it dissolves 
quite readily in aqua regia. 

Gold finds use in making coins and jeweliy. Since it is too 
soft to wear well, it is usually alloyed with copper. Its purity 
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is expressed in carats^ pure gold being 24 carats fine, 
liighteeii-earat gold contains 75% gold and 25% copper.. 
Gold coins contain 90% gold. 

★ 574. Compounds of Gold. In aurous compounds gold 
has a valence of 1 ; its valence is more often 3, in auric com- 
pounds. Anric chloride^ AuCb, is one of the most important 
compounds of gold. It is used in photography. A double 
cyanide of gold and potassium is used in gold plating. 


SUMMARY.. 

The f^ulfides and carbonates of copper are important ores. Cop- 
per also occurs native. The ores of copper are roasted, and then 
reduced with carbon. Copper is generally refined by electrolysis. 

Copper is a heavy, ductile metal used extensively for electrical 
eonduetors. It is a self-protective metal. Nitric acid attacks 
copper readily. 

Copper sulfate is used in batteries, for copper plating, for water 
purification, and as a fungicide and insecticide. 

is the best conductor of heat and electricity known. It 
is used in jewelry, in silver coins, and for plating tableware. 

Hilver salts are sensitive to light. Thus they find use in photog- 
raphy. Two important steps in photography consist: (1) in 
makijig the negative; (2) in making the print. 

In making a negative there are three operations: (1) the ex- 
posure, which starts the reduction of the silver salt; (2) the 
developing, which continues the reduction; and (3) the fixing, 
'which removes the unchanged silver salts and makes the negative 
permanent. 

The same operations are used in making the print; it is 
frequently toned by replacing the silver on the print with gold or 
platinum. 

Gold is mined by the hydraulic or by the amalgamation process. 
It is often extracted by dissolving the gold with chlorine or with 
sodiwm cyanide. 

Gold is a valuable yellow metal. It does not tarnish; hence it is 
suitable for use in making coins and jewelry. Pure gold is 24 carats 
fine. 
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QUESTIONS . 

Gboup a 

1. Why is copper not suitable for. making cooking uteiisils? 

. ■ 2. How could scrap iron be .used to recover coi^per from tlie 
waste wa.ters.of copper mines? 

3. How could you tell gold from brass? 

4 :, Wliat is Bordeaux mixture?. For what purpose is it used? 

5. ..Why must, copper.be so highl.y purified? 

6. ' Why is silver-plated, wmre more easily scratclied than 
sterling silver? , 

7. What, causes eggs and mustard to. tarnish silverware? 

, 8, How would .you test for copper and its coinpoiinds? 

9. , What is “oxidized'’^ silver?. . ■ 

10. Why should,, gold rings not be ■pe.rmittec! to come into 
contact with .mercury? 

' 11. How^ could, you make- colloidal gold?,: What use is made' of 
colloidal suspensions in photography? 

12. . What advantages has copper 'for use- in .making screens for 
doors and windows? Wliat are its disadvaiiitagi\^? 

13. Copper-roofed buildings soon acquire a greenish color. 
What compound formed by weathering gives this color? 

GROtIF B 

14. If dilute sulfuric acid does not act on copper^ explain how 
copper sulfate can be made by putting copper shot in a lead basket 
and alternately dipping them into w^arm dilute sulfuric acid and 
then suspending them in the air. 

15. By the aid of a labeled diagram, outline a method of plating 
tableware wdtli silver. 

16. How is iron separated from copper in the complex copper- 
iron sulfides? 

17. Tarnished silverware may be cleaned by putting it in an 
aluminum dish containing boiling water and a little baking soda. 
Explain. 

18. Outline the various steps from the time a photograpliic 
plate is exposed until the print is finished. 
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19. How can gold be recovered from gold chloride? 

26. Can give a reason why indelible inks often contain . 

.silver salts? 

21. Sodium and potassium are both widely distributed, but 
they are ecairparativeb’- new metals. On the other hand, copper, ■ 
v-ilver, and gold were known to the ancients.' Explain. 

22. How does coin silver differ from sterling^’ silver? 

' i 

■ 

v| 

PROBLEMS ; 

Group A ' 

1. What per cent of crystallized copper sulfate is copper? ^ 

2. How many pounds of crystallized copper sulfate can be 
made from 10 ib. of copper? 

. 

Group B 

3. How many grams of sih^er and how^ many grams of bromine 

are needed to make 500 gm. of silver bromide? | 

4. How many pounds of copper are needed to displace 40 lb. 
of 'silver from a solution of silver sulfate? 

SUPPLEMENTARY PROJECTS 

Prepare a report on one of the following topics: 

1. How an electrotype is made. . 

Hc^fertmce: Neiv International Encyclopedia. 

2. How a miiTor is silvered. 

Reference: Scientific American, 134.:86-'9, Feb., 1926. 

3. Color photography. 

References: Literary Digest, 98:8-9, Aug. 11, 1928. 

Luckiesh, ]NL, Color and Its Applications. D. Van Nostrand. 
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TIN AND LEAD 

576. Introductory. To some extent, tin and lead resemble 
carbon and silicon. They have a inaxirniim valence of 4, al- 
though tin also has a valence of 2, and lead in its various 
oxides may be 1, 2, 3, or 4, These elements dilfer from car- 
bon and silicon, since they both act as metals. In some cases, 
however, they do act as acids and form salts known as stan-- 
nates and plumbates. 

A. TIN 

676. Where Is Tin Found? If we retid Phoenician his- 
tory, we learn that the Phoenician sailors braved the terrors 
of the Black Sea in search for tin. Later they pushed west- 
ward to Spain for the same metal, and finally we find that 
they sailed as far as the islands of the Cassiterides, an old 
name for the peninsula of Cornwall, England, in their search 
for cassitentej Sn02, the chief ore of tin. It is commonly 
called *Hin stone, or ‘^stream tin.^’ England has long been 
a producer of tin, but rich ores have also been found in the 
East Indies and in Bolivia. Tin is the only common metal 
that is not produced in quantity in the United States. The 
Black Hills of Dakota yield small quantities. 

★ 577. How Tin Is Extracted. Although the United States 
does not mine tin, yet considerable quantities are extracted 
here. We live so much upon cans^^ that we are the 
largest consumers of this metal. From the mines of Bolivia 
the ore is placed in bags and packed down the Andes Moun- 
tains on the backs of llamas; then it is loaded on vessels to 
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be shipped to the smelters in the United States. The ore is 
sintered and mixed with carbon to be reduced in the blast 
furnace. Figure 335 shows the tapping of a blast furnace 
u.sed for the reduction of the ores of tin. The metal is cast 
into anodes and refined by electrolysis. (See Fig. 336.) 

578. Properties of Tin. Tin is a soft, white metal, a little 
lighter than iron. It has a very low melting point, 232° C. 
The pure metal is known as block tin. It is so malleable that 
it may be rolled into very thin sheets, known as tin foil. 


Fig. 335. — Blast furnace for reduction of tin. 


Air and water do not act on tin at the ordinary tempera- 
ture. Dilute acids have little effect on tin, but concen- 
trated acids attack it readily. With hydrochloric acid it 
forms stannous chloride. Sulfuric acid forms a sulfate of tin. 
The action of nitric acid on tin is very peculiar. No nitrate 
of tin is formed, but the tin is oxidized to form metastannic 
acid, H 2 SnOs, a white insoluble compound. In cold climates 
tin changes to a brittle gray powder. This is an allotropic 
form of tin. This crumbling of tin in cold weather is some- 
times spoken of as “ tin disease.” 
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Fig. 336. Tank house for fche electrolysis of tin. 


679. Uses of Tin. Ordinary tinware, or tin plate, is made 
by cleaning sheet iron and dipping it into molten tin. (See 
Fig.337.) Such tinned iron is used for making '‘tin” cansand 
cooking utensils. Some machines are capable of making as 
manyas50,000tincansan hour. If the coating is thick enough, 
it protects the iron very well. But we do know that a tin can 
rusts rapidly under some circumstances. If the tin is scratched 
away at any one place, the iron will rust even more rapidly 
than unprotected iron, because the more active of two metals 
in contact with one another becomes negative with respect 


to the less active, and corrosion is accelerated. In reality, 
the tin and iron form a voltaic cell, in which the tin i.s posi- 
tive and the iron is negative. Let us compare this action of 
tin with that of zinc when the latter is used to protect iron. 
If the zinc is scraped away from a small spot on a piece of gal- 
vanized iron, the surrounding zinc still affords protection for 
the iron that is exposed. From the replacement table, we 
find that zinc is negative with respect to iron. Hence we find 
the spot from which the zinc was removed gradually becom- 
ing larger as the zinc goes into solution. For this reason zinc 
is sometimes called a “sacrificial metal.” Tin finds use in mak- 
ing tin foil, which is used for wrapping chocolate and other 




643 


THE COMPOUNDS OF TIN 

foods. The cheaper grades sometimes contain lead, but such 
foil should not be used for wrapping foodstuffs. Pure tin 
pipes are sometimes used as conduits for slightly acid liquids. 

Solder is an alloy of tin and lead. Soft solder contains equal 
ainount.s of each metal, but a hard solder contains larger 
quantities of lead. Plumbers use a solder containing 67% of 



Fig. 337, — Tlie iron is carefully cleaned, dipped into mdted 
tallow, and then into a vat of molten tin in the making of 
tinware. . ■ ■ 


lead for “wiping” joints when installing waste pipes and 
drainwS. Such a solder becomes plastic before it becomes a 
rigid solid, and in this plastic condition it can be used to con- 
nect a drain pipe with a sink. Such alloys of tin as bronze^ 
type-metal^ anti-friction metals, and fusible metals have already 
been studied. 

§80. The Compounds of Tin. This metal forms two classes 
of compounds, stannous and stannic. If we dissolve tin in 
hydrochloric acid, stannous chloride, SnCla, is formed. It 
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finds use as a mordant, because it forms brilliant shades with 
some dye-stuffs. It is used to some extent for weighting silks. 
When so used, it may hydrolyze in moist climates and form 
hydrochloric acid, which soon destroys the silk fiber. It is a 
good reducing agent. An interesting example of oxidation 
that does not involve a transfer of oxygen occurs when a 
solution of stannous chloride is added to mercuric chloride. 
By varying the amounts, we can produce reactions as repre- 
sented by the following equations: 

SnCls + 2 HgCl 2 SnCl 4 + 2HgCU . 

SnCl 2 + HgCl 2 ~^ SnCl4+ Hg i. 

In each case the mercuric chloride acted as an oxidizing 
agent and the stannous chloride as a reducing agent. We 
observe that the tin, which has a valence of 2 in stannous 
chloride, is oxidized to the stannic condition, in which the 
valence of the tin is 4. In the meantime, the mercury in the 
mercuric chloride is reduced to 1 in the mercurous chloride, or 
to zero in the metallic mercury. Let us rewrite the second 
equation to indicate the valence changes: 

Sn+^ 2C1- + Hgn 2C1- Sn-^-^ 4C1- + Hg^, 

Stannic sulfide, SnS 2 , is used as a yellow pigment under 
the name of “mosaic gold.’^ Metastannic acid is used to 
strengthen cotton fibers and to render them non-flammable. 

B. LEAD 

581. Where and How Lead Is Found. By far the most 
important ore of lead is galena, or lead sulfide, PbS. It is also 
known as galenite. It occurs as grayish-black crystals, cu- 
bical in shape. In the United States lead is found abundantly 
in Missouri, Illinois, and Colorado. Canada is a large pro- 
ducer of lead, and lead ores are also mined in Mexico. 

★ 682. How Is Lead Extracted? If the ore is free from sili- 
ceous matter, it is first roasted at a low temperature in a re- 
verberatory furnace. Such roasting converts part of the lead 
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sulfide into lead oxide^ PbO, and part of it into lead sulfate, 
PbS 04 . Then the temperature is raised and chemical reac- 
tions occur between the unchanged lead sulfide and the 
oxidized products. These changes are represented by the 
following equations: 

PbS + 2PbO -~>3Pb + S02 T. 

PbS + PbS04 2Pb + 2 SO 2 T . 

Low-grade ores, and those containing silica, are reduced in 
the blast furnace after being mixed with carbon. Lead may 
be cast into anodes and purified by electrolysis. 

583. Properties of Lead. A soft, bluish-white metal, lead 
is about 11.3 times as dense as water. It is malleable, but 
not ductile. Lead may be made into wire, however, by forc- 
ing the heated metal through a small opening. Lead pipe is 
made in a similar manner by forcing the metal through a 
ring-shaped opening. The process is known as extrusion. 

Lead oxidizes quite rapidly, but the coating is adherent 
and protects the metal underneath. Hydrochloric acid and 
sulfuric acid have little effect on lead, but nitric acid acts 
upon it vigorously. Acetic and other organic acids act readily 
on lead, and water containing carbon dioxide acts upon it 
slowly. As all soluble lead compounds are lead is 

objectionable for use in making water pipes. Lead salts are 
especially dangerous even in small quantities as they are not 
readily excreted, but accumulate in the body. Painter's 
colic” is a disease due to chronic lead poisoning. 

684. Uses. Enormous quantities of lead are used in mak- 
ing white lead paint. Sheet lead is used for lining the cham- 
bers of sulfuric acid plants and for the plates of storage 
batteries. Lead pipe is used as conduits for electrical wires; 
plumbers also use lead pipe since it is easy to cut, it may be 
readily bent into any desired shape, and its edges may be 
readily fused or soldered together to make a seamless joint. 
Lead foil is used for lining tea chests, and as a substitute for 
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tin foil. Except for its weight, sheet lead makes excellent 
roofing material. 

Shot is made from lead containing a trace of arsenic. The 
other alloys of lead, such as solder, type-metal, fusible metals, 
and antifriction metals, have been studied under other titles. 

685. The Oxides of Lead. The sub-oxide of lead, Pb20, is 
formed when lead tarnishes. Three other oxides of lead are 
important: (1) Lead monoxide, PbO, commonly known as 
litharge, is a yellow powder used in the glass, paint, and var- 
nish industries. (2) Lead dioxide, Pb02, is a brown powder 
that is used as an oxidizing agent. It 
is formed when storage batteries are 
charged, and it becomes the positive 
plate. (3) Red lead, or minium, is an 
oxide of lead having the formula 
Pb 304 - It is used as a red pigment. 
When it is mixed with linseed oil, it 
serves as an oxidizing agent and causes 
the oil to ^Mry’^ or harden rapidly. 

686. The Storage Battery. In tele- 
phone buildings, in power plants, for 
lighting country homes, and for auto- 
mobiles, the storage battery finds ex- 
tensive use. It consists essentially of 
sheets of lead, carefully insulated from 
one another, and suspended in a solution of dilute sulfuric 
acid. If we pass a current through the acid, electrolysis oc- 
curs and water is decomposed just as discussed in Section 27. 
The oxygen which is liberated at the lead plate which 
serves as the anode combines with the lead and forms lead 
dioxide. In this manner we use the electric current to store up 
chemical energy. No electricity is stored. Water is being de- 
composed during the charging of such a cell, and the specific 
weight of the liquid electrolyte increases. (See Fig. 338.) 

We started with two similar plates of lead, but by elec- 



Fig, 338. — Chemistry of 
storage cell. 
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trolysis, or the action of the electric current, we made them 
unlike or dissimilar. Two unlike plates immersed in a fluid 
that will act chemically upon one of them form a voltaic cell, and 
they will produce electrical energy. As we draw current from 
such a cell, the oxygen from the lead peroxide formed when 
the cell was charged combines with hydrogen and forms water. 
When all the lead peroxide has been reduced again to metallic 
lead, the cell is discharged. (See Fig. 339.) The water that 



Fig. 339. ■ — Plates for lead storage cell. 


is being formed at the same time lowers the specific weight of 
the electrolyte. A fully charged lead storage battery contains 
an acid solution whose specific weight is about 1 .300. If com- 
pletely discharged, the specific weight may be as low as 1.100. 

The great advantage of the storage cell lies in the fact that 
it is possible to charge it and recharge it again and again. 
The chemical action that occurs during the charging and the 
discharging of a storage battery is represented by the follow- 
ing reversible equation: 

M — " charging > 

2PbS04 + 2H2O Pb + PbOg + 2H2SO4. 

</ ' discharging ; . — « 


i 
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687. How White Lead Is Made. Several processes are in 
use for making white lead. The Dutch process has been in 
use for centuries and yields a very good product. In this 


Fig. 341. — An earth- 
enware pot filled with 
lead “buckles.^^ 

process perforated lead discs (Fig. 340), or ‘'buckles,” are 
placed in earthenware pots containing a little dilute acetic 

..id (Ew ..j, .41.) 


Fig. 340. — Lead ingots from which the 
buckles are made. 


Fig. 342. — The workman is filling the pots fArmPTiffl- 

with lead “buckles.” lermenta- 

tion vaporizes the 
acetic acid which acts on the lead to form a basic lead 
acetate. Carbon dioxide, which is liberated by the fermenta- 
tion, changes the acetate into a h(xsic lead carbonate* The 
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process requires 90 days or more. The aim is to produce a 
white lead having the fonnula 2PbC03 . Pb(OH)2, but the 
product varies to some extent. Figure 343 shows the cor- 
roded buckles’^ after the tan bark has been removed. 
White lead is ground very fine with , linseed oil and used 
as a paint base. 

In the Carter process melted lead is atomized by a blast 
of steam and the fine powder is treated with carbon dioxide 
in a rotating cylinder. ^ 

The lead is kept moist J 

and acetic acid is ^ J. ^ 


requires 

weeks to make white 
lead by this process. 

★ 688 . Other Lead 
Compounds. Lead 
acetate^ Pb(C2H302)2, 
is a white crystalline 
solid commonly 
known as sugar of lead. Like other soluble lead compounds, 
it is highly poisonous. It finds some use as a mordant, and 
it is sometimes applied externally in cases of ivy poisoning. 
Lead chromate, PbCr04, is a pigment; it is usually called 
chrome yellow. Sublimed white lead is used as a paint base. 
It is made by roasting galena, which contains some zinc, 
at a high temperature. The finished product consists of lead 
oxide, lead sulfate, and zinc oxide. The arsenate of lead, 
Pb3(As04)2, is used in large quantities as an insecticide. 


Fig. 343. — ■ Pots of corroded lead. 
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is spread out in thin layers; it should mix readily with the 
vehicle, which is usually linseed oil, or some other oil that 
“ dries by forming a tough skin to hold the paint base; it 
should not become chalky, and it should not peel off; it 
should work well under the brush; it should be durable; and 
it should have good covering power. 

690. The Most Used Paint Bases. 1. White lead. For 
years white lead has been used as a paint base, and it is still 
popular with painters. With the exception of the fact that 
it becomes chalky with age, white lead answers all the require- 
ments listed in Section 589 remarkably well. But it is 
poisonous; for that reason its use is forbidden in France. 
Cases of painter^s colic are quite common, and workmen in 
the factories must submit to a blood examination periodi- 
cally to determine whether white lead has been absorbed in 
dangerous quantity. White lead is not suitable for inside 
use, because it will turn dark or even black when it comes 
into contact with hydrogen sulfide. Salt air along the sea- 
shore causes white lead to deteriorate quickly. 

2. Zinc oxide, bulk for bulk, does not cover so much sur- 
face as does white lead. It is so much lighter, however, that 
one pound of zinc oxide will cover as much surface as one 
pound of white lead. Zinc oxide tends to peel, if used alone. 
It is whiter than white lead, and it does not turn dark when 
exposed to hydrogen sulfide. Hence it is suitable for use as 
inside white. It is rather interesting to note that each paint 
base has a tendency to counteract the defects of the other, 
provided white lead and zinc oxide are mixed in the proper 
proportions. 

3. Sublimed white lead is not affected by sulfur vapors nor 
by the salt air from the sea. It is less poisonous than white 
lead. It is very durable, and it has good covering power. 

4. Lithopone is made by treating zinc sulfate with barium 
sulfide: 

ZnS 04 + BaS BaS 04 + ZnS. 
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The mixture of the two compounds formed 
by the above reaction does not make a 
good paint base. But it may be calcined, 
plunged into cold water, and then ground 
in oil to make it a paint base. It is very 
white and it has good covering power. 
It is not suitable for outside use, since it 
darkens when it is exposed to sunlight. 
It is an excellent paint for inside use and 
as an undercoat for enamels. It finds use 
as a filler in making rubber tires. 

5. Tiianox is a paint base that consists 
of the oxide of titanium, Ti02. It is 
usually mixed with barium sulfate. It has 
excellent covering power, and it is durable. 
Figure 344 along the edge of this page 
shows the effect of painting a black sur- 
face with equal amounts of several dif- 
ferent paint bases and fillers. The fillers, 
gypsum, silica, asbestine, china clay, whit- 
ing, and barytes have little covering power 
when compared to the paint bases, ti- 
tanox, white lead, basic lead sulfate, zinc 
oxide, and lithopone. 

591, The Common Vehicles. Linseed 
oil^ obtained from the seeds of flax, is the 
vehicle most often used in paints. In our 
study of hydrogen, we learned that some 
oils solidify when they are treated with 
hydrogen. Linseed oil is an unsaturated 
compound. (See Section 633.) If oxygen 
is added to it, a tough, leathery skin is 
formed. Everyone is familiar with this 
product, since it forms on the surface of 
a ready-mixed paint that has stood for a 
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few days. The formation of such a resin, which is called 
linoxyrif is known as ‘^drying.’^ When linseed oil is mixed 
with a paint base and the mixture is spread in a thin layer 
upon some surface, the linseed oil dries by taking oxygen 
from the air, and forms a skin which holds the paint base in 
place. Boiled linseed oil is made by heating the raw linseed 
oil with oxides of lead or manganese. This treatment makes 
the oil harden or dry more rapidly. 

Chinese wood oil, or tung oil, is made from the nut of the 
tung tree which is native to China and Japan. Groves of 
tung trees have been planted in Florida. It makes an excel- 
lent vehicle for use in paints and enamels that must be sub- 
jected to severe weather conditions. It forms a hard film, 
less spongy and porous than that formed by linseed oil. 

Rosin oil is sometimes used to adulterate linseed oil. It 
has some drying properties. Some of the “driers’^ discussed 
in Section 593 are extensively used by painters. Fish oils 
and the oil from the soya bean have been used as vehicles, 
after proper treatment. 

592. Thinners, or Diluents, Such substances as turpen- 
tine, alcohol, and certain mineral oils (called painter’s 
spirits”) are not vehicles at all. They dry by evaporation, 
but they do not form a film or skin to hold the paint base or 
pigment in place. They serve as solvents and thinners or 
diluents. They should be used only in sufiicient quantity to 
keep the linseed oil from wrinkling as it hardens. 

593, Driers in Paints. We know that linseed oil hardens 
by absorbing oxygen from the air. It will harden much 
more quickly if an oxidizing agent is mixed with the paint to 
help supply the needed oxygen. The “ driers ” used in paints 
are made by heating a part of the oil with the oxides of lead 
and manganese. They act like catalysts in giving up part of 
their oxygen to the oil, and subsequently absorbing more 
oxygen from the air. They are of especial value when the 
paint contains carbon or some other substance that retards 
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the oxidation of the linseed oil. Used in excess, driers 
continue to oxidize the linseed oil and finally destroy it. 

594. The Use of Pigments. The paint bases that have 
been discussed are all white in color. They form the bulk of 
nearly all paints. To produce color, a pigment, which is an 
insoluble substance of high coloring power, is added to the 
paint base. The pigments include lakes, oxides and sulfides 
of metals, complex cyanides, and other compounds of widely 
varying composition. Chromium compounds are especially 
valuable as pigments. 

Red pigments include red lead, red ocher, vermilion, and 
carmine, compounds already studied. 

Blue pigments include such compounds as Prussian blue, 
ultramarine, and cobalt blue. 

Yelloiv pigments include chrome yellow, yellow ocher, 
and litharge. 

From mixtures of these pigments and others not given 
here, the various shades may be produced. 

595. Extenders or Fillers. Many different compounds, 
known b.b fillers, are sometimes added to paints. At one time 
they were classed as adulterants, but since they are cheaper 
and in many cases they make the paint go farther and wear 
better, they are more properly classed as extenders or fillers. 
They serve to fill the pores of the wood and make a good sur- 
face for repainting. Some large users of paints specify that 
certain extenders shall be used in paints for their use. The 
most common fillers include the following: kaolin, ot China 
clay; silica, or powdered sand ; calcium carbonate, or whiting; 
calcium sulfate, or gypsum; and barium sulfate, or barytes. 


SUMMARY 

Tin is found in England, the East Indies, and Bolivia The 
chief ore is cassiterite, or tin stone. Its formula is SnOg. Tin is 
extracted by reduction with carbon. 
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Tin is a soft, white, malleable metal. It does not tarnish in 
the air. Acids act upon it rather readily. 

Tinware is sheet iron covered with a coating of tin. Tin foil 
finds considerable use as air-tight wrapping material. 

Solder contains tin and lead. Other alloys of tin are hroiize^ 
type-metal, and antifriction metal. 

Tin forms stannous and stannic compounds. Stannous chloride 
is used as a mordant and for weighting silks. 

Lead is a soft, bluish-white metal of high density. Nitric acid 
and such organic acids as acetic act readily on lead and form salts. 
Lead salts are very poisonous, Epsom salts, or sodium sulfate, may 
be used as antidotes. When lead is exposed to the air, it tarnishes 
and forms a protective coating of lead sub-oxide, Pb 20 . 

Lead is used in making paints. It also finds use in making pipe, 
and as sheet lead. Shot, solder, type-metal, and the fusible alloys 
contain lead. 

Litharge, PbO, and minium, PbsOi, are oxides of lead used in the 
paint industry. Lead dioxide, Pb02, is formed on the anode when 
storage batteries are charged. 

The storage battery consists of lead plates immersed in dilute 
sulfuric acid. Electrical energy is used to form lead dioxide on 
the positive plate as the battery is being charged. As the battery 
is being discharged, chemical energy is transformed into electrical 
energy and the lead dioxide is used up. 

White lead is a basic lead carbonate that finds use as a paint 
base. Sublimed white lead contains lead sulfate and the oxides 
of lead and zinc. Chrome yellow is lead chromate, PbCr04. 

A paint consists of a paint base, mixed with a vehicle. The most 
common paint bases are: white lead; zinc white; sublimed white 
lead; lithopone; and titanox. The most common vehicles are 
linseed oil and Chinese wood oil. The latter is used when weather 
conditions are severe. 

A pigment is a highly colored substance sometimes added to a 
paint base to give it some desired shade or color. An extender is a 
cheap product often added to ready-mixed paints. They are often 
classed as adulterants, although they may increase the durability 
of the paint. 
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QUESTIONS 
Group A 

1« Which makes the better coating for iron, tin or zinc? Give 
a reason for your answer. 

2. Tinware fusts rapidly as soon as a little of the iron is ex- 
posed. Explain. 

3. What is the chief objection to the use of lead as a roofing 
material? 

4. Compare zinc white and white lead as paint bases. 

5. Would you use white lead in a laboratory or a kitchen? 
Give a reason for your answer. 

6. How could you use a solution of lead acetate to test for the 
presence of hydrogen sulfide in illuminating gas? 

7. What is the function of ‘"driers’^ in paints? Of extenders? 
Of diluents? Of the vehicle? 

8. What is the objection to the use of lead foil for wrapping 
chewing gum and chocolate? 

9. How should you use a hydrometer to determine whether 
a storage battery is properly charged? 

10. What is actually stored in a storage battery? Explain. 

11. A mixture of red lead and linseed oil will harden under 
water. Explain. 

12. What are the most important characteristics a good paint 
base should have? 

13. Iron work that is to be painted black is almost always 
painted with red lead or zinc chromate first. Keeping in mind 
the fact that black paint probably contains carbon, explain why it 
should not be applied directly to iron. 

Group B 

14. How could tin be recovered from tin cans? 

15. Write the equation representing the reaction between solu- 
tions of stannous chloride and auric chloride. 

16. Solutions of stannous chloride do not keep well when ex- 
posed to the air. What two changes may occur? How does the 
addition of a little metallic tin and hydrochloric acid aid in pre- 
serving such a solution? 
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17. Can you see any reason why some countries restrict the 
manufacture and use of white lead? 

18. An American chemist w^on a prize for a method of restoring 
the color to some valuable paintings that had been darkened by 
sulfur vapors. He washed the paintings with hydrogen peroxide. 
Explain the chemical action. 

19. What are the advantages and disadvantages of tin plate 
for roofing? 

20. The silk in a shipment to a South American country 
‘^cracked’’ and split in a few months. What was the probable 
reason? 

PEOBLEMS 
Group A 

1. How many pounds of tin can be obtained from one ton of 
cassiterite, if the ore is 95% pure? 

2. How many pounds of lead can be extracted from 500 lb. of 
galena? How many pounds of lead acetate can be made from 
this lead? 

Group B 

3. How many pounds of cupric sulfate can be made from 
1000 lb. of cuprous sulfide, CU 2 S? 

4. How many pounds of aluminum are required to reduce the 
iron in 20 lb. of iron oxide, Fe 203 , by the thermit process? 
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MANGANESE — CHROMIUM — OTHER 
ELEMENTS 

Vocabulary 

Polarization. A defect in a voltaic cell caused by the accumulation 
of hydrogen bubbles on the positive plate. 

Depolarizer. A chemical used to remove the hydrogen that causes 
polarization. 

Impervious. Non-porous; not easily penetrated. 

Photogravure. A print made from a plate prepared by photographic 
methods. 

A. MANGANESE 

596. Manganese. Although several states produce man- 
ganese, there is not enough mined in the United States to 
meet the demand. Rich deposits are found in Brazil and in 
Russia. There are many minerals that contain manganese, 
but the chief ore is pyrolusite, Mn02. The element can be ex- 
tracted by reducing its oxide with carbon or aluminum. The 
metal resembles iron in some respects, but it has a reddish 
tint. It tarnishes in moist air, and it is readily attacked by 
the ordinary acids. We have already learned that it finds use 
in mailing spiegeleisen and ferromanganese, and also in the 
manufacture of extremely hard steel. In its compounds, 
manganese may act as a base or as an acid. As a base-former, 
manganese usually has a valence of 2 in manyanous com- 
pounds, and a valence of 3 in manganic compounds. As an 
acid-former, manganese usually has a valence of either 6 or 7. 

★ 597. Base-fonmng Manganese. In the preparation of 
oxygen, we used manganese dioxide, Mn02, as a catalyst. It 
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is more often used as an oxidizing agent. We have examples 
of such use in the paint industry where this compound is used 
in “ driers,” in the oxidation of hydrochloric acid to prepare 
chlorine, or in voltaic cells where it is used as a depolarizer. 
In voltaic cells the hydrogen produced during the chemical 
action sometimes accumulates on the positive plate of the 
cell, and causes a defect known as polarization. The man- 
ganese dioxide oxidizes the hydrogen and forms water. There 
is an interesting valence change when manganese dioxide is 
used with hydrochloric acid to prepare chlorine: 

Mn02 + 4HC1 MnCla + 2H2O -f CI2 T • 

It is possible that a compound having the formula MnCl4 
may be formed at first. If so, it breaks down as the reaction 
proceeds and forms manganous chloride, MnCl2. We note 
that the valence is reduced from 4 to 2. The manganous 
compounds of manganese, in which the manganese has a 
valence of 2, are more common than the manganic com- 
pounds in which the manganese has a valence of 3. The 
manganous ion has a pink color. 

★ 698. Acid-forming Manganese. In the presence of a 
strong base, it is possible to use an oxidizing agent to convert 
manganese compounds into nw/nganates, Mn04“, or into per- 
manganalcs, Mn04— . These compounds are salts of manganic 
and permanganic acids respectively. The manganese has 
valences of 6 and 7 in such compounds. The manganates 
are less stable than the permanganaies. 

Potassium permanganate, KMn04, is the most important 
compound of acid-forming manganese. It is such a vigorous 
oxidizing agent that its concentrated solution will oxidize the 
paper, if we try to filter the solution through ordinary filter 
paper. Its water solution is a purplish red color, but it be- 
comes colorless when a reducing agent is added. This prop- 
erty makes it useful in making quantitative analyses, such as 
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those of iron and steel. In an acid solution, potassium per- 
manganate gives up its oxygen to a reducing agent as repre- 
sented by the following equation: 

2 KMn 04 + 3 H 2 SO 4 2 MnS 04 + K 2 SO 4 + SHgO + 5(0). 

Potassium permanganate finds some use as a disinfectant 
and an antiseptic. Its dilute solutions may be used for 
bleaching and in the removal of stains from fabrics. It is 
used externally in the treatment of ivy poisoning. 

B. CHROMIUM 

699. Chromium, from the Greek word meaning “ color/^ is 
obtained from the mineral chromite^ PeCr 204 . This chrome 
iron ore is found in many localities: — Pennsylvania, Mary- 
land, France, Siberia, Asia Minor, and Africa. The metal 
may be isolated from this ore by reduction with aluminum, 
or the alloy ferrochromium may be obtained by reduction 
with carbon. This alloy finds use in making chromium steel. 
The alloys, nichrome, stainless steel, Allegheny metal, and 
stellite, have been discussed. Chromium is now being exten- 
sively used for plating the bright metal parts of automobiles. 
It is a hard, bluish gray metal that does not tarnish in moist 
air. It resembles manganese to some extent, especially in its 
ability to act as either a base-former or an acid-former. 

★ 600. Base-forming Chromium. This element may form 
chromous salts, in which its valence is 2; it may form 
chromic salts, in which chromium has a valence of 3. The 
chromic salts are analogous to the salts of ferric iron, 
are usually green in color, and they find use in making pig- 
ments. Chromic oxide, a green powder that is used 

as a pigment under the name of ‘^chrome green.^^ If 
tions of potassium and chromium sulfates are mixed, 
the excess water is evaporated, crystals of chrome alum, 
K 2 SO 4 . Cr2(S04)3 , 24 H 2 O, are obtained. This double salt 
hydrolyzes readily and finds use as a mordant. 
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★ 601. Acid-forming Chromium. Chromic anhydride^ GrO^j 
is a red crystalline solid that dissolves in water and forms 
chromic acid^ H2Cr04. This acid, which is a vigorous oxidiz- 
ing agent, is not important, but many of its salts are very im- 
portant compounds. Potassium chromate^ K 2 Cr 04 , is a 
yellow crystalline solid that finds use in the laboratory. 
When it is added to a solution of some salt of lead, the yellow 
pigment lead chromate^ PbCr04, is precipitated: 

Pb(N03)2 + K2Cr04 -> PbCr04 + 2KNO3. 

Barium chromate^ BaCr04, and zinc chromate, ZnCr04, are 
prepared in a similar manner. Both are yellow pigments that 
find use in the paint industry. The latter retards the corro- 
sion of iron; hence it finds use in painting structural iron and 
steel. 

If sulfuric acid is added to a solution of potassium chro- 
mate, the color of the solution changes from yellow to orange, 
and potassium dichromate, K2Cr207, is formed. The equation 
follows: 

2K2Cr04 + H2SO4 KaCrsOr + K2SO4 + H2O. 

Potassium dichromate, which is an orange-red crystalline 
compound, is the salt of dichromic acid, H2Cr207. If we write 
the formula for potassium dichromate as K2Cr04 . CrOs, the 
relation between the dichromates and the chromates becomes 
apparent. The dichromates are excellent oxidizing agents. 
A good fluid for cleaning laboratory glassware may be made by 
adding potassium dichromate crystals to concentrated sulfuric 
acid. Such a fluid may be kept and used over and over 
again. In the presence of reducing agents, the dichromate 
gives up its oxygen, and sulfates of potassium and chromium 
are formed. Metallic oxides go into solution in this cleaning 
fluid, and organic matter is destroyed by oxidation. Potas- 
sium dichromate is used in photogravure and half-tone work. 
If it is mixed with gelatine or asphalt, it forms an insoluble 
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compomid when it is exposed to the light. Potassium dichro- 
mate also finds use in tanning light leathers. 

602 . Leather is made from the sldns of various animals. ^ 
The hair is first removed by the action of caustic lime. Then 
the skin is treated with a dilute acid, which neutralizes the 
lime and causes the skin to swell decidedly. This part of the 
process is known as 'plumping. The bark from hemlock and 
other woods contains tannin^ a chemical that slowly changes 
the skill or hide into leather. The product is fairly impervi- 
ous and it does not putrefy. It is also quite elastic and flexible. 
Potassium dichromate brings about a similar change in hides 
by precipitating chromic hydroxide, Cr(OH) 3 , in the leather. 
Chrome leather is made more quickly, and it is especially 
durable. Leather is worked with oil to make it soft and 
pliable, and to render it less porous. Formaldehyde is used 
in tanning light leathers to make a soft, washable product, 

C. OTHER ELEMENTS 

60S. Introductory. Of the ninety-two elements known, 
fewer than half of them have been discussed in our study of 
chemistry. Some of them, too, have been merely mentioned. 
In this chapter, a few other elements will be briefly discussed. 
Some of them have only one or two applications. Some of 
them are so rare that they are costly. Some are difficult to 
extract from their ores. 

604. Platinum. This metal usually occurs native. It is 
mined in Colombia, the Ural Mountains of Russia, and in 
South Africa. The demand for this metal exceeds the supply, 
and the price is usually more than that of gold. Some 
platinum is obtained in the refining of other metals. 

Platinum is a soft white metal, which takes a high polish. 
It is very ductile and malleable. It has a high melting point, 
about 1780° C. It is one of the densest metals known. One 
cubic foot of platinum weighs more than 1300 pounds. It is 
21.4 times as dense as water. , 
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606. Chemical Behavior of Platinum. Neither dry air nor 
moist air affects platinum at all. It does not oxidize even 
when heated white hot. No single acid affects it, but it dis- 
solves slowly in aqua regia and forms orange-colored crystals 
of chlorplatinic acid, HaPtCh. Fused alkalis attack plati- 
num, and so does nascent chlorine. It forms alloys with 
several metals, especially with such metals as silver and lead. 



Courtesy of Mr. Charles Weller 

Fig. 345. — A group of platinum laboratory utensils. 


Hence the salts of such easily reducible metals should not be 
heated in platinum ware. 

606. The Applications of Platinum. Since platinum is 
not easily melted and few chemicals attack it, this metal 
finds use in the manufacture of such laboratory utensils as 
crucibles, dishes, forceps, etc* Platinum wire and foil find use 
in all chemical laboratories. (See Fig. 345.) Considerable 
quantities of platinum are used in making jewelry. As a 
catalyst, platinum is useful. When finely divided, it has the 
ability to occlude or adsorb large quantities of gas. Rho- 
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dium and metals are now being used to some extent 

as a substitute for platinum. 

★ 607. Palladitim. This element resembles platinum in its 
physical properties and in its ability to adsorb gases. It is 
less dense than platinum, but considerably harder. It finds 
some use as a substitute for platinum in jewelry and for 
laboratory use. It is sometimes alloyed with gold for making 
laboratory utensils. ■ 

608. Iridium, This metal also resembles platinum in its 
chemical behavior. It is hard and it does not tarnish. Gold 
pens are alloyed with iridium to increase their hardness. An 
alloy containing 90% platinum and 10% iridium is used for 
making standard weights and measures. 

■ 609. Tungsten is a heavy, silver-white metal that has a 

I high melting point, more than 3000° C. The makers of elec- 

tric bulbs learned how to draw tungsten wire through dia- 
i mond dies. It is the most satisfactory element yet found for 

i use in making the filaments for incandescent lamps, because 

j its melting point is high, and the metal does not evaporate 

j readily, even at high temperatures. Nearly all the electric 

i bulbs now used for lighting have tungsten filaments. It also 

finds use in making the targets for X-ray bulbs, for electrical 
contact points, and in electric resistance furnaces. Its appli- 
cation in the making of high-speed steel has already been 
mentioned. Sodium tungstate is used in fireproofing fabrics. 

★ 610, Molybdenum is similar in its properties and uses 
to tungsten. It has a high melting point. Like tungsten, 
molybdenum finds use in electric resistance furnaces and in 
the manufacture of alloy steels for high-speed work. 

611. Vanadium occurs in minerals found in the Andes 
Mountains in Peru and in carnotite, a radium ore found in the 
United States. It is a grayish-white metal that has a high 
melting point. It is used to purify steel and to increase its 
strength and flexibility. One of the ammonium compounds 
of vanadium finds use in making aniline black for use in dye- 
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ing and in producing a permanent black ink. Its oxide is 
used as a catalyst in the manufacture of sulfuric acid. Some 
of its compounds find use in coloring glass and as mordants. 

★ 612, Uranium. This element is radio-active. Its oxide 
is used to produce the greenish-yellow color in glass for mak- 
ing aquaria, lamp shades, and other decorative glassware. 

613. Titanium serves as a purge in the manufacture of 
steel. It is especially useful for this purpose, because it com- 
bines with both oxygen and nitrogen at the ordinary tem- 


Courtesy U.S. Bureau of Mines 

Fig. 346. — Such chlorides as those of titanium are used in making 
clouds of chemical smoke for screening military operations. 

perature. It occurs in nature as rutile and iitanite, and in the 
iron ore ilmenite. Its oxide is used in making a paint base, 
titanox. Titanium tetrachloride, TiCh, finds use in making 
smoke screens,^’ since it hydrolyzes readily in moist air. 
(See Fig. 346.) 

★ 614. Zirconium is a fairly widely distributed element. 
Its oxide, Zr02, is an excellent refractory that is made into 
zircite bricks and used for lining furnaces. Its oxide has also 
been used in making gas mantles. 

616. Selenium, an element belonging to the sulfur group, 
occurs in some selenides, but the commercial supply is ob- 
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taiiied as a by-product in the refining of copper. It has one 
unusual property. It is a non-conductor of electricity in the 
darkj but whe-n it is exposed to light it becomes a fair conductor. 
This property makes it useful for making automatic electrical 
devices, such as burglar alarms and fire alarms. A method 
of transmitting photographs by electricity is based upon the 
varying resistance which selenium offers to the passage of the 
electric current when it is exposed to lights of different inten- 
sities. Selenium is used for coloring enamels and for making 
the red glass used for tail-lights of automobiles, 

★ 616. Thoritiin and Cerium are both found in monazsite 
sands. The oxides of these elements glow with a brilliant 
light when heated to incandescence. For that reason they 
find use in making Welsbach mantles, which find some use in 
certain localities. The mantle is woven from artificial silk, 
dipped into a solution of the nitrates of thorium and cerium^ 
and then heated to convert the nitrates into oxides. A film 
of collodion is applied to protect the fragile mantles during 
shipment. An alloy of cerium with iron is used for making 
gas-lighters, since such an alloy gives off bright sparks when 
rubbed on a hard file. 

SUMMARY 

The chief ore of manganese is pyrolusite, Mn02. The dioxide of 
manganese is a good oxidizing agent. It finds use in driers,” in 
voltaic cells, and in the glass industry. Manganese finds use in 
making alloy steel. 

Manganese acts as a base-former. With certain acids it forms 
manganous salts, in which the valence of the manganese is 2; 
or it may form manganic salts, in which the valence of the man- 
ganese is 3. In the manganates and permanganates the element 
manganese acts as an acid-former. Potassium permanganate is a 
crystalline solid used as an antiseptic, an oxidizing agent, and a 
bleaching; agent. ■ ^ ^ ; , 

Chromium occurs in nature in the iron mineral chromite. The 
metal finds use in electro-plating, and in the manufacture of 
stainless steels and tough alloy steels. 


666 MANGANESE — CHROMIUM — OTHER ELEMENTS 

As a base-forming eiement, chromium forms either ckromous 
Chromic salts. In the chromates and dichromates, it is an acid- 
former. Chromium compounds are used as pigments in the paint 
industry, and as mordants in dyeing. Potassium dichromate is 
used in making leather, and for half-tone work. 

QUESTIONS 
Geoup a 

1. What purpose does spiegeleisen serve in making steel? 

2. Name as many oxidizing agents as you can. 

3. Name as many reducing agents as you can. 

4. Make a list of elements and compounds that we have had 
which have been used as catalysts. 

6. Summarize the properties of platinum that make it suitable 
for use in making laboratory utensils. 

6. Why does platinum occur chiefly in an uncombined state? 

7. In what ways may tungsten be substituted for platinum? 

8. Name three active metals; three inactive metals. 

9. Make a list of metals that do not tarnish in air; of metals 
that are self-protective; of metals that corrode completely. 

10. Name two metals that have a low melting point; three 
metals that melt at a very high temperature. 

11. How are the following stored? 1 . Sodium ; 2. Hydrofluoric 
acid; 3. White phosphorus; 4. Gasoline; 5. Quicklime. 

Gboxjp B 

12. Would the change of a chromate to a dichromate be oxida- 
tion, reduction, or neither? 

13. Make a list of compounds that find use as mordants. 

14. How does manganese dioxide serve as a depolarizer in a 
voltaic cell? 

15. For what purposes is a silver crucible superior to one of 
platinum? 

16. What unusual property has selenium? What uses has 
selenium? 

17. Explain how certain elements may act as either acid- 
forming or base-forming elements. 



619« Tke Behavior of Radium. In many respects radium 
is the most interesting element ever discovered. Its proper- 
ties are unusual j and it does things. Some of its properties 
are as follows: (1) It affects a 'photographic plate ^ even when 
that plate is wrapped up in opaque paper and kept in the 
dark. It penetrates wood and thin sheets of metals. (See 
Fig. 348.) (2) Radium and its compounds discharge an elec- 
troscope; they do this by knocking to pieces the air molecules 


Courtesy of Radium Limited U.S.A, 

Fig. 348. — Radiographs. The cut at the left was made by the 
action of radium rays. The one at the right by the X-rays. 

surrounding the electroscope and thus breaking them up into 
ions. The ions act as conductors and discharge the electro- 
scope. The activity of a sample of radium bromide may be 
determined by the speed at which it will discharge an elec- 
troscope of the type shown in Fig. 349. The rate of discharge 
is timed with a stop-watch, and the time is compared with 
that needed by a standard sample to produce a like discharge. 
In the chemical laboratory, the chemist weighs to 0.0001 gm., 
or possibly to 0.00001 gm. The electroscope is much more 
sensitive than the chemical balance for determining the value 
of radium salts. (3) Radium salts produce fluorescence with 
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Fig. 350. — Hands 
of a watch photo- 
graphed by their ra- 
dium coating. 


} Expo. 


certain compounds, just as X-rays do. Hence a very small 
quantity of radium bromide added to zinc sulfide glows in the 
dark. Such a mixture is used as a luminous paint for coating 
the dials of airplane instruments, the hands and dials of 

watches, and the sights of guns 
that are to be used for night 
firing. (See Fig. 350.) (4) Ra- 
dium is active chemically; it 
decomposes water, changes oxy- 
gen to ozone, and imparts a 
purple color to glass. It resem- 
bles the metals of the calcium 
family in its chemical behavior. 
(5) The 'physiological effects of 
radium are pronounced. It may 
destroy the germinating power 
of seeds, kill bacteria, or even 
kill small animals. Radium pro- 
duces frightful burns that re- 
quire a long time to heal. Those who work with radium are 
often severely burned by the rays which it produces. (6) In 
the daytime, the salts of radium re- _ 
semble common table salt in appearance. 

In the dark, however they glow with a 
pale phosphorescence. (7) Radium gives 
off enough heat every hour to melt 1.5 
times its own weight of ice, or about 
120 calories per gram. This heat is 
given off continuously, since radium 
loses only half its energy in the first 
1700 years, one half of what is left the 
next 1700 years, and so on until practi- 
cally no energy is left. (8) Radium is 
rare and expensive. From ores found in Canada and the 
Belgian Congo, radium salts can be extracted more cheaply 


Fig. 349. — An electroscope 
suitable for measuring the activ- 
ity of radium. 
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than from pitchblende or carnotite ores. The present price 
is about $60,000 per gram. Radium is always found in ura- 
nium ores. In fact, uranium is the parent of radium. But in 
radium ores there is only about 1 part of radium to a little 
more than 3,000,000 parts of uranium. To produce 1 gram 
of radium about 500 tons of the ore must be used. Fig- 



Fig. 351. — Separating radium bromide from barium salts by 
fractional crystallization. 

ure 351 shows the large evaporating dishes used to carry out 
the seventy-five successive crystaUizations needed to separate 
radium salts from those of barium. -tj. j i, 

620 Nature of the Becquerel Rays. The rays emitted by 

such elements as radium, thorium, and uranium, known as 
Becquerel rays, have been carefully studied. In 1899, 
Rutherford, then of McGill University, discovered that the 

Becquerelrays are complex, consistingof three differentclasses. 


Ill, 
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1. The a-rays, or alpha rays, are identical mth positively 
Jarged helium atoms. Their mass is nearly four times thal 
f the hydrogen atom; their velocity is from 10,000 to 20 000 
miles per second. The alpha rays do not have as great pene- 
tetmg power as the other rays; a very thin piece of^alu- 
minum foil or a thin sheet of paper is sufficient to intercept 
_ em. On the other hand, they are very efficient in ioniz- 

raLTv they discharge an electroscope 

rapidly. Severe radium burns are largely due to the alpha 

_ 2. The /3-rays, or beta rays, are identical with the electron 
They consist of negatively charged particles about as 
heavy as the hydrogen atom. Since they travel at a veWir 
of from 60,000 to 160.000 miles per 3000 ^X 1 * 2 ^ 
power „ greater than that ot the alpha plrlieles 

rop teems to be identical with the electrical charge o^tho 
negative ion in solution. ^^<irge on tbe 

3. The ;^rays, or gamma rays, appear to have the same 
nature as X-rays. They are more penetrating thS X 
the alpha or beta rays. The gamma rays 
are believed to be caused by the impact 
ot beta particles upon the surrounding 
matter. Figure 352 shows the effect of 
a powerfffi magnetic field on the complex 
Becquerel rays emitted from a small par- 
ticle of radium. The heavy alpha parti- 
cles are deflected slightly in one direction; 

Fro. 352._ESect of 

magnet on rays. m the other direction ; the 

■p xt - rays are not deflected fit f^Ti 

By the use of such a magnetic field, Rutherford studied the 
tetas torn mdinm and Icatoed’theii 

W^ in the labomtory, coating ema otjS 

contama traces of radium. Smoe radi J compounrdij^; 
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bacteriaj many attempts have been made to use it in the treat- 
ment of certain diseases. The Memorial Hospital in New 
York has 4 grams of radium bromide from which the gas or 
emanation produced by its decomposition is collected in small 
tubes, which are used in treating cancerous growths. (See 
Fig. 354.) Physicians are not agreed concerning the value of 
radium for treating such diseases. In some cases it has un- 


Fig. 353. — Girls at work coating small objects 
with paint that contains a trace of radium. 


doubtedly been successful, but in other cases it appears to 
have failed miserably. 

622. The Disintegration of the Atom. Because heat and 
light appear to be given off continuously from radio-active 
substances without any apparent loss of weight, it was at first 
believed that radium is an exception to the law of the con- 
servation of matter and energy. More careful investigation, 
however, shows that radium does lose its energy slowly. 

The question naturally arises, What is the source of all 
the energy yielded by radium? A long series of experiments 
furnished the answer to this question. The atoms of radium 
and other radio-active elements are exploding or disfintegrating. 



Fig- 354. — Apparatus for collecting radium emanation 
from radium. 
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The alpha and the beta rays are the products of atomic dis- 
integration. Spontaneously yGevtBin heavy atoms are break- 
ing down into simpler and lighter atoms. After an average 
life of about 2500 years, for example, the radium atom ex- 
plodes. It is 226 times as heavy as the hydrogen atom. 
When it explodes, it loses an alpha particle, which becomes 


an atom of helium when its electrical charge is neutralized. 
This helium atom is four times as heavy as the hydrogen 
atom. The remainder of the atom, which has an atomic 
weight of 222, is a gas known as radon^ or niton. Thus, two 
gases, radon and helium, are formed when an atom of radium 
explodes. The beta particle which is given off is so light that 
its effect on the total weight is small. 
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of umforin structure throughout its entire mass. The /ads 
md fundamental principles of nature are as immutable as 
the laws of the Medes and Persians, but one who follows the 
scientific method of approaching problems is forced to change 
his theories when new facts appear. The chemist still finds 
the atom of Dalton adequate for chemical changes, but it 
must be discarded in the light of knowdedge gained from a 
study of radio-active substances. The atoms of Rutherford, 
Lewis-Langmuir, Bohr, and others have appeared in such 
rapid succession that one wag remarked: Why -worry about 
the atom? There will be a new one along tomorrow.” The 
Bohr atom is useful in teaching valence, but several new 
terms used to describe the structure of the atom must be 
defined. 

The nucleus of the atom is believed to contain protons and 
electrons. It is compact and dense, but extremely small. It 
is believed, for example, that if an atom of hydrogen w^ere 
magnified until its diameter measured some 400 yards, the 
proton would then be about one inch in diameter, but the 
electron, some 200 yards distant, -would be some 15 to 20 feet 
in diameter. The proton carries a positive charge of elec- 
tricity; its mass is only slightly less than that of the hydrogen 
atom. The electron, which carries a negative charge, is 
about as heavy as the hydrogen atom. It may move at 
a speed of several hundred miles per second. 

In 1932 an American, Carl Anderson, discovered the pod- 
iron, which has the same mass as the electron, but it car- 
ries a positive charge. Its existence is too short to give it 
any great interest from the point of view of the chemist. 

In the year 1932, James Chadwick, an Englishman, dis- 
covered the neutron, a particle which has no electrical charge. 
It seems to be practically identical with a collapsed hydrogen 
atom, in which the proton and electron are closely united. 
Its weight is nearly that of the hydrogen atom. It finds use 
in the bombardment of atomic nuclei in efforts to disintegrate 
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atoms. ' Some stars whose density is one ton per cubic inch 
are believed to be composed of neutrons. 

623« Can Atomic Energy Be Utilized? We know that one 
gram of coal yields about 8000 calories. It is possible to 
compute the amount of heat energy liberated by one gram 
of radium when it disintegrates, if we consider that it sets 
free 120 calories per hour throughout an average life of 
2500 years. The total amount is more than 300,000 times 
as much heat as can be obtained by burning an equal weight 
of coal. 

J. J. Thomson has estimated that the energy stored in one 
gram of hydrogen equals 6 X 10^^ foot pounds. Thus the 
energy in less than i oz. of hydrogen would be sufficient to 
lift 10 of our largest battleships (32,000 tons each) higher 
than the top of Mt. Blanc, over 3.5 miles. Naturally men are 
fascinated by such enormous quantities of energy, and make 
efforts to unlock atomic energy and make it available. 
Rutherford succeeded in disintegrating the nitrogen atom 
bombarding it -with alpha particles from radio-active sub- 
stances. The use of the neutron particle seems more hopeful, 
since it requires a smaller voltage to drive a neutron (neutral) 
particle into a positively charged nucleus than it does to 
drive a positively charged alpha particle into the nucleus 
Dr. Dunning, of Columbia University, has actually caused 
such metals as aluminum and silver to become radio-active 
by bombarding them with neutrons. Possibly at some 
time atomic energy may be used in place of coal and 
for powder purposes. 
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SOME CARBON COMPOUNDS 

Vocabulary 

Polymer. A compound having the same percentage composition as 
another compound; but its molecular weight is different. 
Saponification. The process of converting fats or esters into soap. 
Enzyme. An organic compound which is capable of producing by 
catalysis some chemical change^ usually one of hydrolysis. 


A. SOURCES OF CARBON COMPOUNDS 

624. What Is Meant by Organic Chemistry? The com- 
pounds formed by plants and animals contain carbon and 
hydrogen, either with or without other elements. Because 
they are produced by the organs of plants and animals, they 
were at one time called organic compounds^ m.d the name 
organic chemistry was given to that division of chemistry that 
deals with their study. Elementary carbon and the oxides 
of carbon, however, are usually studied in inorganic chemistry. 
Prior to 1828, no one had made any organic compounds in 
the laboratory. In that year, Wohler, a German chemist, 
prepared urea by synthesis. Since that date, a large number 
of compounds formerly obtained only from plants and animals 
have been made in the laboratory. For example, indigo was 
at one time made from plants, bht it is made now almost en- 
tirely in the dye factories. Since all the so-called organic 
compounds contain carbon, it seems that this division of 
. chemistry may now more properly be called ^^The chemistry 
of the compounds of carbon.^^ 

626. What Is the Source of Carbon Compounds? We 
have already learned that certain hydrocarbons and some 
other carbon compounds are obtained from the destructive 
distillation of wood, Dififerent kinds of wood yield different 
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products. Reference to Fig. 162 shows us that many such 
compounds are obtained from the destructive distillation of 
coal. Many hydrocarbons are obtained from fetroleum. Al- 
cohols are made from fermentation of fruits and grains. The 
fruits also yield organic acids and sugars. Starch is obtained 
from the cereals, while fats and oils am obtained from ani- 
mals, nuts, and seeds. Cellulose comes from cotton and other 
plant fibers. Scores of compounds of carbon are made in 
the laboratory. Many of those which have been made are 
not found in nature at all. 

B. PETROLEUM 

626» What Is Petroleum? Petroleum is a thick liquid, 
often of brown or greenish-black color, that is obtained from 
the earth^s crust. It is a 
mixture of many different 
hydrocarbons. Although it 
was discovered in the United 
States some three hundred 
years ago, yet the first com- 
pany organized to drill for 
petroleum was formed in 
1854. Within a few years, 
oil was being produced in 
Pennsylvania, West Virginia, 
and Ohio. Large quantities of oil have been found in Kansas, 
Oklahoma, Texas, and California. 

Petroleum may be found near the surface, or it may lie at a 
depth of ten thousand or more feet. Holes about 6 to 8 in. 
in diameter are drilled in the earth until the oil stream or 
reservoir is reached. (See Fig. 356.) If considerable natural 
gas is present, the oil may be forced out by the pressure of the 
gas and form what is known as a ''gusher.'' (See Fig. 357.) 
Some wells of this kind flow several hundred barrels of oil per 
day. Some wells produce nothing but natural gas; others 



an underground oil reservoir. 
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produce nothing but oil; and some wells produce both gas 
and oil. If the oil does not rise quite to the surface of the 
earth, pumps are installed to pump the oil to the storage 
tanks or through pipe lines to the refineries. Some of these 
pipe lines through which the crude oil is pumped are fifteen 
hundred miles in length. (See Fig. 368.) 

627. How Petroleum Is Refined, Since petroleum is a 
mixture of several hydrocarbons that have different boiling 


Fig. 357, — A gusher. 

points, they can be separated from one another by fradimal 
distillation. The most important hydrocarbons found in 
crude petroleum are petroleum ether j gasoline^ naphtha^ hen-- 
ziuBj kerosenej gas oilSy lubricating oils, petroleum jelly, and 
paraffine. The crude petroleum is heated in a retort, or still, 
as shown in Fig. 359. As the vapors enter the air condenser, 
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Courtesy of Platt & Washburn Refining Company 
" Fractional distillation of crude petroleum. 
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the less volatile products will condense first and flow off into 
the tank marked heavy lubricating distillate/^ Other dis- 
tillates are separated in the same manner, and from' them , 
several separate fractions may be obtained. For purification, 
these oils are washed with sulfuric acid to char organic matter, 
with an alkali to neutralize the acid, and then with water. 

628. How Eefiners 'Increase the Yield of Gasoline, 

1, Cracking In the latter part of the nineteenth century 
kerosene was the most important product obtained from 
petroleum. It was used for illuminating purposes, but the 
electric light has almost supplanted it. Before the days of 
the automobile there was little demand for gasoline. Now 
the refiner tries in every possible way to increase the amount 
of gasoline. Let us refer to the table on page 683. We see 
that the volatile hydrocarbons have low molecular weights. 
The hydrocarbons that are less volatile have higher molecular 
weights. For example, heptane^ CtHis, which is present in 
gasoline^ boils at 98*^ C. And decane, C 10 H 22 , which may be 
present in kerosene, boils at 173^ G. It is difficult to vaporize 
decane, and it would be hard to start a gas engine using it for 
fuel. Hence, in the refining of petroleum the chemist con- 
ceived the idea of cracking/' or splitting, such heavy mole- 
cules into two or more parts in order to increase the amount 
of volatile fluid. This is exactly what is done in the crack- 
ing process " of refining. The oils are superheated under pres- 
sure to ^^crack" some of the heavier molecules and increase 
the per cent of gasoline. 

2. Hydrogenation, A study of the formulas for heptane 
and decane shows that the former contains almost 18% of 
hydrogen and the latter a little more than 15%. This fact 
furnishes the chemist with another opportunity of increasing 
the per cent of gasoline obtained from petroleum. By the 
use of catalysts, it is possible to add hydrogen to some of the 
molecules of the heavier hydrocarbons, and increase the yield 
of gasoline. Refining plants for this purpose have been built. 
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3. Bergius process. Several years ago Bergius, a German 
chemist of Heidelberg, devised a process for converting low 
grade coal into gasoline and other oils. The powdered coal 
is mixed with a viscous oil and heated in steel drums under 
a pressure of 200 atmospheres in the presence of the sulfides 
of iron, tungsten, and molybdenum as catalysts. When 
hydrogen is forced into the mixture, it unites with the carbon 
of the coal to form light liquid hydrocarbons and also some 
heavy oils suitable for use as lubricants. Plants have been 
built in England to utilize this process, which it is estimated 
will yield 30,000,000 gallons of oil from 100,000 tons of coal. 
The importance of this process needs no emphasis if one 
considers that our consumption of gasoline amounts to over 
one billion gallons of gasoline yearly and that geologists calcu- 
late that a shortage will begin to develop in from five to eight 
years. 

629. Uses of Petroleum Products. The products obtained 
from petroleum have three important uses: (1) solvents; 
(2) fuels; (3) lubricants. One of the light liquids, petroleum 
ether y is used as a solvent. Gasoline, naphtha, and benzine are 
liquids of varying composition. They find some use as sol- 
vents, but they are more extensively used as fuels for internal- 
combustion engines. Painters sometimes use benzine as a 
substitute for turpentine. Kerosene finds use as a fuel and 
for illuminating purposes. It should have a flash-point of at 
least llO'^ F. to make it safe for use in lamps. Many kinds 
oi lubricating oils are obtained from petroleum. They range 
from the light mobile oils, suitable for use with sewing ma- 
chines, ^to the heavy engine oils. Vaseline and petrolatum serve 
as ointment bases and as lubricants for use as cup-grease and 
axle-grease. Paraffin is used in making candles and chew- 
ing gum; it also finds use for insulating electrical apparatus, 
and in w’-ater-proofing paper and fabrics. Those portions of 
petroleum which are not of value for the purposes already 
mentioned find use as fuel. Many of our battleships and 
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fatoyew a* oil burners. Fuel oil is used in the industries 
or heating homes and public buildings. Petroleum 
CO 'e, the residue left after refining petroleum, is a good fuel. 

C. HYDROCARBONS 

^^630. Hydrocarbons. The 200 or more hydrocarbons 
own are included in eight different series. The paraffin 
metoe senes and the benzene or benzol series are the most 
mportan . As a rule, each of the other six series has ol oi 
mportant compound in it. As examples of such compoLds 
^ t^rpenUne, and naphthaline. ’ 

2»« «M«t- W saris* the sS 

an^Jr a! ^ The valence of carbon is 4 

But bn ^ ^ compound of the formula CH 4 ’ 

rr 0*H». O' many otto 

tormulas that occur in the following table: 


Name 


Common name 


Methane , 
Ethane. . 
Propane. 
Putane. . 
Pentane . 


Hexane. 


Marsh gas . 


Formula 


Octane. 


Nonane , 
Oecane. . 


Hexacontane, 


A mixture of pentane 
and hexane forms pe- 
troleum ether 
A mixture of hexane and 
heptane forms gasoline 
A mixture of heptane 
and octane forms 
naphtha 

A mixture of octane and 
nonane forms benzine 


A mixture of hydrocar- 
bons from decane to 
hexadecane is kerosene 


CH 4 

C 2 H 6 

CsHs 

C-iHio 

CfiHiz 


CsHi 4 

C7H16 


CsHis 

C 9 H 20 

C10H22 


CisHm 

CfioHisa 


Melting 

point 


Boiling point 


18® C. 
102® C. 


Gases 


Liquids < 



Solids 


125® C. 
150“ C. 

173® a 


288® C. 


METHANE 
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If the series were complete, it would contain sixty com- 
pounds. It seems that such a large number of hydrocarbons is 
possible because one carbon atom has the rather unusual ability 
of combining with other carbon atoms. To show such relation- 
ship, we may write graphic or structural formulas as follows: 


H 

i 


H 

t 

H 

I 


H H H 

1 i i 

-C-H. 

1 

H 

1 

-C- 

1 

1 

C- 

1 

H. 

1 1 I 

H-C-C-C- 

1 

H 


1 

H 

1 

H 


1 ! 1 

H H H 

Methane 


Ethane 


Propane 



H 

1 

H 

1 

H 

1 

H 

1 


H 

1 

-C- 

1 

1 

C- 

1 

I 

C- 

C-H. 

I 



1 

H 

1 

H 

1 

H 

1 

H 


Butane 


An examination of these formulas shows that each one 
differs from the preceding one by the group CHg. Such a 
group as CH 2 is known as a homolog. A series of compounds , 
each differing from the one that precedes it by such a group, or 
homolog, is known in chemistry as an homologous series. In the 
methane series we have CH4, C2H6, CsHs, C4H10, C5H12, and 
so on. It is not necessary to memorize such a series, because 
they correspond to a general formula C^H 27 i-f 2 . We simply 
find the number of hydrogen atoms by multiplying the num- 
ber of carbon atoms by tvro, and then adding tw'o to the 
product. The first compound in the benzene series has the 
formula CeHe. Then we have CtHs and CsHio. There are 
also homologous series of organic acids, alcohols, and alde- 
hydes, in which the CH 2 group is the homolog. 

632. Methane, CH 4 . This gas is formed in nature by a 
decomposition of organic compounds. It forms about 90%. 
of natural gas. It is liberated when the mud at the bottom 
of stagnant pools of water is stirred; hence the name marsh 
gas. It is frequently found in coal mines and called by the 
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miners fire damp. It may be made in the laboratory by the 
action of aluminum carbide on water: 

AI4C3 + I2H2O 4A1(0H)3 i + 3CH4 t . 

Methane burns with a pale yellow flame. It is used as a 
fuel. 

633. Ethylene, C2H4, is the first member of a second se- 
ries of hydrocarbons. Its structural formula is 


An organic compound having a double bond between twm 
carbon atoms is said to be unsaturated, since other elements 
may be added to it directly to form new compounds. For 
example, two chlorine atoms may be added directly to ethyl- 
ene as shown by the following equation: 


It is impossible to add only one chlorine atom, or more than 
two. Hence it is obvious that one of the double bonds 
breaks and links up with the chlorine atoms. Methane has 
no double bonds and it is impossible to add to it any other 
atoms. It may form mhstitution mmpounds, hut not ad- 
df&Ti compounds. 

Ethylene gas burns with a bright flame. It finds use as an 
illuminant. During the war, enormous quantities of this 
gas were used in making mustard gas. Ethylene, present in 
the air even in minute quantities, destroys the chlorophyll 
or green coloring matter in plants. It finds use in blanching 
celery, and in the ripening of bananas, oranges, and other 
citrous fruits. It is now being extensively used as an anes- 
thetic. It seems to be more satisfactory in many respects 
than either chloroform or ether. 
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BENZENE, OR BENZOL 

633a. The Octane Nnmber. Gasoline usually consists of 
a mixture of heptane, C7H16, and iso-octane, CsHis. The 
larger the per cent of heptane, the more likely the gasoline 
is to cause engine knocks or ^^ping^^ when the motor is 
riiniiing. If the ratio of octane to heptane is 75% to 25%, 
the gasoline is said to have an octane number of 75. An 
octane number of from 68 to 70 is generally high enough for 
use in most cars, but for a high compression motor, an 
octane number of 76 is desirable. 

634, Acetylene, C2H2. We have already learned the 
prepara, tion, properties, and uses of this gas. Its structural 
formula, H — C = C — H, shows that it is an unsaturated 
compound. It has a triple bond between the two carbon 
atoms. Hence it is possible to add to the molecule two 
such univalent atoms as chlorine, or even four. Such an 
atom as copper may be added to acetylene. 

635. Benzene, or benzol, GeHe. Benzene, a coal-tar 
product, must be distinguished from benzine^ a petroleum 
product. If we pass acetylene through a hot tube, benzol 
is formed as represented by the equation: 

SCsHa-^CeHe. 

Thus we see that benzol is a polymer of acetylene. It has 
the same percentage composition, but a higher molecular 
weight. Such polymerization seems to be merely bunching 
molecules to form a new compound of different formula. It 
is common in organic chemistry. Commercially benzol is 
obtained by distilling coal tar. It is a flammable liquid that 
finds use as a solvent and as the starting point for making 
many dye-stuffs. Those who work with benzol should be very 
careful not to inhale its vapor, since it is poisonous. It de- 
stroys the red blood cells and produces anemia. 

Many chemists tried to work out the structural formula 
for benzol by the use of the arrangement shown 

on page 685. August Kekule, a German chemist, tells m 
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that he, too, had been working along the same line. In a 
dream, however, the carbon atoms resolved themselves into 
a snake, which curled around and took its tail in its mouth. 
The following day, he worked out the structural ring- 
formula for benzene which is now generally regarded as 
correct. In the following formula, we observe that there 
are three pairs of double bonds: 


H-C^ V-H 

il I 

H-C\ ■ C-H 

I 

H 

Benzol, or benzene 


H- 

H- 


H 

I 

/H 

Y 

I 

H 

Toluol, or toluene 


The formula for toluol shows that it has the benzol ring with 
side chain attached to it, 

^^6. other Hydrocarbons. Toluol, CyHg, and xylol, 
CsHia, are also obtained from coal tar. The former was 
for making tri-nitro-toluol, or T. N. T., during the 
War. Both these compounds find extensive use in 
the manufacture of dye chemicals. With benzol, they form 
the aromahc series of hydrocarbons. Naphthalene, QoHg is 
a coal-tar compound. It crystallizes in white, shining scales. 
It IS used m “moth-balls” and in the manufacture of drug's 
and dye-stuffs. Anthracene, Ci 4 Hio, is also obtained from 
tar. It IS used in the preparation of alizarin, a red dye. 
Turpenitne, CioHia, is a hydrocarbon obtained from the long- 
eaved pine. It is used medicinally and also in the paint and 
varmsh mdustry. AsphaU consists chiefly of a natural mix- 
ture of hydrocarbons. The island of Trinidad furnishes large 
quantitite of asphalt, which is used for paving streets. Some 

base and 

a paraffin base. 
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D. SUBSTITUTION PRODUCTS OF THE HYDROCARBONS 

637. How Stxbstitution Compounds Are Made. Although; 
we cannot add atoms directly to the methane molecule, yet 
it is possible to replace one or more of its hydrogen atoms 
with elements like the halogens, or with such radicals as 
OH, NO2, NH2, etc. For example, mono-chlor-methanej 
CH3CI, may be made by treating methane with chlorine: 

CH4 + CI2 CH3CI + HCL 

This compound is also known as methyl chloride. The CH 3 ‘ 
group is an organic radical called methyl. It occurs in many 
organic compounds. If we treat methyl chloride with 
chlorine, it is possible to substitute more chlorine atoms for 
hydrogen and produce compounds having the formulas: 
CH2CI2, CHCls, and CCI4. In a similar manner ethane and 
other hydrocarbons may form substitution products. In 
ethyl chloride, C2H5CI, we have the radical C2H5, which is 
known as ethyl. It is present in many organic compounds. 
It can be made to unite with lead to form tetra-ethyl lead^ 
Pb(C 2 H 5 ) 4 , which is a constituent of ^VethyF^ gasoline. When 
added to motor fuels it tends to prevent, probably by 
catalytic action, motor knocks.’.’ 

638. Chloroform, CHCb. This substitution product of 
methane is prepared by the action of chlorine on alcohol 
when an alkali is present. Chloroform is a heavy, oily, sweet- 
smelling liquid. When inhaled its vapor produces insensi- 
bility to pain. Hence it is used as an anesthetic. It finds 
some use as a solvent. 

★ 639. Iodoform, CHI 3 . If we treat alcohol with iodine in 
the presence of an alkali, a yellow solid known as iodoform 
is produced. This reaction serves as a test for ulcohol^ since 
iodoform has a peculiar, persistent odor. This compound, 
which has antiseptic properties, was at one time extensively 
used in hospitals, but it has been largely replaced by other 
antiseptics. 
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640. Carbon' Tetrachloride, CCI 4 . This colorless coiii- 
pomid resembles chloroform to some extent. It is made by 
treating carbon disulfide with chlorine : 

CS 2 + 3 CI 2 S 2 CI 2 + CCI4. 

On fire-prevention days in our schools we 
are told that more than a thousand persons 
are burned to death in a year in the United 
States from gasoline fires, and that many 
more are injured. Pupils are urged not to 
use gasoline for ^^dry cleaning,^’ but too 
often they are not told what to use. For 
removing grease spots and other stains car- 
bon tetrachloride is just as good as gasoline, 
and its vapor does not burn. Furthermore, 
its vapor may be used to smother fires. 
This liquid finds use in small fire extin- 
guishers. It is the liquid used as pyrene” 
filler. (See Fig. 360.) 

★ 641. Nitrobenzol, C 6 H 5 NO 2 . This com- 
pound is made by substituting the NO 2 
^^^extinguTsher^^^^ group for an atom of hydrogen in the benzol 
molecule. Benzol is treated with a mixture 
of nitric and sulfuric acids to cause such substitution. This 
compound is used extensively in making aniline, 

★ 642. Aniline, C 6 H 0 NH 2 . Formerly all the aniline came 
from the anil plant. Now it is made by treating nitrobenzol 
with nascent hydrogen. Enormous quantities are used in the 
dye industry, Toluidine and compounds made from 

toluol and xylol respectively in a manner analogous to the 
making of aniline, are also used in the dye industry. When 
we stop to consider that benzol, toluol, xylol, naphthalene, 
and anthracene are all coal-tar compounds, we can readily 
understand why this tarry mixture is so important in the 
dye industry. 
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E. ALCOHOLS 

643. What Are the Alcohols? To the chemist the word 
“alcohol” applies to any one of a class of compounds that 
contains an organic radical and one or more OH groups. 
For example, wood alcohol, which is made by the destructive 
distillation of wood, has the formula CH3OH; ethyl alcohol, 
made by the fermentation of grains and fruits, li^ the 
formula C2H5OH; and glycerine, which is a by-product in 
soap manufacture, has the formula C 3 H 6 (OH) 3 . Many 
alcohols are known to the organic chemist, but only about 
a half dozen of them are very important industrial com- 
pounds. 

644. Wood Alcohol, or Methanol, CH3OH. In this 
compound the group CH3, which is called methyl, acts as a 
radical. Chemically it is known as methyl alcohol. To pre- 
vent its being mistaken for ethyl alcohol, an attempt is being 
made to use the name methanol for wood alcohol, and ethanol 
for ethyl alcohol. This compound can be made by treating 
methyl chloride with potassium hydroxide; 

CH3CI + KOH CH3OH + KCl. 

Commercially methanol is prepared either by the distilla- 
tion of wood or made synthetically by the method described 
in Section 240. 

Pure wood alcohol has rather a pleasant odor, but the 
commercial product contains impurities that impart to it a 
disagreeable odor. It is a light liquid, boiling at 66.7° C. It 
is very poisonous; cases of poisoning from wood alcohol even 
when used externally are not uncommon. Its vapor attacks 
the eyes. When taken internally or inhaled, it often affects 
the optic nerve, producing partial or total blindness. It 
is a good fuel, since it bums with a hot, smokeless flame. 
It also finds use as a solvent of oils, resins, and shellac. It 
finds use in making denatured alcohol. , , 

645. Fermentation. When yeast is added to a dilute 
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solution containing sugar, chemical action takes place in a 
short time. Bubbles of the gas, carbon dioxide, are set free 
and ethyl alcohol, C2H5OH, is produced. The equation 
follows: ■ . 

C6Hi206-^2C2H50H + 2 CO 2 T . 

This is an example of one type of fermentation^ but any 
chemical change brought about by the action of some organic 
hodyj or ferment, is known as fermentation. The yeast plants 
secrete an enzyme that acts like a catalyst in changing sugar 
into ethyl alcohol and carbon dioxide. This type of fer- 
mentation is called vinous fermentation. Bacteria may act 
on the alcohol and cause acetic acid fermentation. The making 
of butyl alcohol, C4H9OH, the souring of milk, and the decay 
of foods are all examples of fermentation brought about by 
the action of molds and bacteria, 

646. Ethyl Alcohol, C 2 H 5 OH. We have learned that this 
alcohol can be prepared by the action of an enzyme, known 
as zymase, upon fruit juices or dilute sugar solutions. On a 
large scale it is prepared by the fermentation of such starchy 
grains as barley, rye, and corn. These grains are first 
sprouted to change the starch to sugar. The ferment 
diastase present in the grains produces this change. They are 
then crushed and treated with water and yeast to produce 
alcoholic fermentation. Beers and wnes produced by this 
type of fermentation contain from 3% to 10% alcohoL They 
are known as fermented liquors. When the per cent of 
alcohol in any fermented liquor amounts to about 14%, the 
fermentation stops because alcohol of that strength renders 
the ferment inactive. 

Liquors of a higher alcoholic content, such as whisky and 
gin, are made by distilling fermented liquors. Such distilled 
liquors may contain from 50% to 80% alcohoL A liquid 
containing more than 95.5% of alcohol cannot be made by 
fractional distillation, since a mixture containing 95.5% 
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alcohol and 4.5% water boils at a temperature slightly lower 
than 78° C.j which is the boiling point of pure ethyl alcohol. 
Hence ordinary commercial alcohol is only 95% alcohol 
The last traces of water may be removed by redistilling 
ordinary alcohol with some dehydrating agent, such as lime. 
Absolute alcohol is water free, or nearly 100% pure. 

647. Properties and Uses of Ethyl Alcohol. Ethanol^ or 
ethyl alcohol, is a colorless liquid that has a peculiar odor and 
a sharp, biting taste. It has a strong affinity for water, and 
it mixes with water in all proportions. It boils at 78° C., 
and its freezing point is — 130.5° C. Alcohol is a good sol- 
vent for many plant products. It burns with a nearly 
colorless blue flame. 

When taken internally, alcohol acts as a narcotic. In small 
quantities it deadens the nerves that control the size of the 
capillaries and thus permits more blood to flow’ to the sur- 
face. The heart beats a little faster and there is a feeling of 
warmth and vigor that has led to the popular but erroneous 
belief that alcohol is a stimulant. A little later the heart 
action becomes slower and the temperature falls below 
normal. In larger doses, it temporarily paralyzes the nerves. 
Those nerves that control the action of the heart and lungs 
are the last to be affected. If enough alcohol is taken to 
paralyze those nerves, the person dies from alcoholic poison- 
ing. Three ounces in the blood stream at any one time is a 
lethal dose for the average adult. The narcotic effect of 
alcohol is clearly showm in some experiments carried on in 
Germany that show that the amount of alcohol contained 
in a couple of glasses of beer taken daily actually lowers a 
man's efficiency from 8% to 22%, depending upon his occu- 
pation. The amount of alcohol in a pint of beer or an ordinary 
cocktail is showm by English investigation to double a per- 
son's reaction time. Hence an automobile driver who in- 
dulges in a couple of glasses of beer will need twice his 
normal time in which to react in case of an emergency. 
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Alcohol finds some use as a fuel. It is an excellent solvent 
of resins and for that reason it finds use in the varnish 
industry. In pharmacy it is used in extracting from plants 
certain medicinal constituents. The extracts of bay rum 
and witch-hazel contain from 15% to 20% alcohol. Tincture 
of iodine sometimes contains 7% of iodine dissolved in al- 
cohol. Lemon extract should contain at least 5% of lemon 
oil. To dissolve this oil, an alcoholic solution of about 80% 
strength is needed. Vanilla extract is made from resins of 
the vanilla bean which are dissolved in 50% alcohol. 

648. Why Do We Have Denatured Alcohol? Prior to 
1907, every gallon of alcohol legally sold in the United States, 
whether for use as a beverage or in the industries, paid an 
internal revenue tax of $2.10 per gallon. Our makers of 
drugs, chemicals, etc., could not pay such a tax and compete 
with manufacturers in many foreign countries that per- 
mitted tax-free alcohol to be sold for Mustrial purposes. 
Hence Congress passed a law in 1906 making exempt from 
taxation alcohol manufactured for industrial uses. To pre- 
vent such alcohol from being used for making beverages, it 
was “denatured” by the addition of some substances more 
poisonous than ethanol, or some substance that has a dis- 
agreeable odor or taste. Several formulas are in use. One 
of them, for example, uses 95 gallons of ethanol, 4.5 gallons 
of methanol, and 0.5 gallon of benzol to make 100 gallons. 
Denatured alcohol finds use in many industries as a solvent. 
It is extensively used as an “anti-freeze” solution for auto- 
mobile radiators. 

649. Butyl Alcohol, C4H9OH. By the use of special 
fermentation methods, it is possible to produce butyl alcohol 
in quantity. The lacquer industry demands a solvent that 
has a higher boiling point than that of ethanol. Butyl 
alcohol and its ester, butyl acetate, are extensively used for 
making lacquers of the cellulose nitrate or cellulose acetate 
type. 
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650. Glycerol, C 3 H 5 (OH) 3 . Glycerine, or glycerol, is a tri- 
acid alcohol. It is a thick viscid liquid, colorless and odor- 
less, but having a sweet taste. Its most important use is in 
the niaiiiifacture of nitroglycerine. It is also used in some 
toilet soaps, and medicinally in various lotions. It is used 
in automobile radiators as an anti-freeze liquid. Ethylene 
glycol, C2H4(0H)2, is a colorless, syrupy liquid that also 
finds use as an anti-freeze liquid in automobile radiators. 

651. Phenol, CeHsOH. Chemically, phenol is an alcohol 
obtained from coal tar, but since it has very feeble acid 
properties it is commonly known as carholic acid. It is 
closely related to benzol, as its formula indicates. Pure 
phenol forms colorless crystals, having a peculiar, persistent 
odor. It is used in making picric acid for explosives and as 
a disinfectant. It is now being used with formaldehyde to 
form such substances as bakelite and condensite which are 
used for insulating materials, phonograph discs, etc. 

The cresols are hydroxides of toluol that find extensive use 
in preserving wood. They are excellent disinfectants. Such 
derivatives of the coal-tar hydroxides as hexyl-resorcinol 
are used as disinfectants. 

F. ETHER 

652. Ether, (C2H5)20. Ether is formed by heating al- 
cohol with sulfuric acid at the proper temperature. Ethers 
are organic oxides. Ordinary ether, or ethyl ether, is a light 
mobile liquid boiling at about 35° C. It is used to some 
extent as a solvent, but more extensively as an anesthetic. 
Nitrated cellulose forms in ether a colloidal suspension. 
From the jelly-like mass, smokeless powder is formed. 

G. ALDEHYDES 

663. The Aldehyde Group. In organic chemistry, the 
aldehydes comprise a group of compounds that contain 
an organic radical and the CHO group. For example, 
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acetaldehyde is CKz.CiLO, and benzaldehyde hm the formula 
CeHs. CHO. Aldehydes are usually prepared by the partial 
oxidation of alcohols. If we use a mild oxidizing agent to 
oxidize wood olGohol, formaldehyde^ H.CHO, is produced: 

CH3OH + (0) -> H :CHO + H 2 O, 

Formaldehyde is a gas at the ordinary temperature. It is 
sold under the name of formalin, which is a 40% solution of 
the gas in water. It is an excellent disinfectant. Formalin 
is often used on seeds before they are planted. Such treat- 
ment destroys injurious fungi. Potatoes so treated are less 
likely to be affected by scab. Formaldehyde finds use in pre- 
serving anatomical specimens. With phenol it forms con- 
densite and bakelite. 

H. ORGANIC ACIDS 

654. Introductory. Many organic acids and their salts 
are found in nature. In unripe fruits, in sour milk, and as 
a result of various types of fermentation, organic acids are 
found. They all have one or more carboxyl (COOH) groups. 
If we oxidize formaldehyde, formic acid is produced: 

H.CHO + (0)->H.C00H. 

Many organic acids may be made in this manner by oxidiziiig 
their corresponding alcohol or aldehyde. 

665. Formic Acid, H.COOH. This acid stands first in 
an homologous series of acids related to the methane series 
of hydrocarbons. It is found in nature in red ants, in some 
bee stings, and in stinging nettles. It is a weak acid chemi- 
cally, since it does not ionize readily. Physiologically it is 
active enough to blister the skin. Its salts are called formates. 
They find some use as mordants. 

666. Acetic Acid, CH3. COOH. This acid is the second in 
the homologous series of acids related to the methane series. 



may be made by the action on ethyl alcohol of a ferment 
known as ^bnother of vinegar.’^ In this manner the alcohol 
present in hard cider is slowly changed to acetic acid in the 
formation of vinegar: 

C2H0OH + O2 CH3COOH + H2O. 

Thus nMural vinegar is made by two successive fermenta- 
tions of the Juices of fruits, usually from the juice of apples. 

(1) The sugar ferments in the presence of yeasts and forms 
hard cider, which contains from 5% to 8% of alcohol. 

(2) During the acetic acid fermentation, minute organisms 
change the alcohol to acetic acid. The oxygen needed comes 
from the air. 

In making artificial vinegar a dilute solution of alcohol is 
sprayed into the top of a cylindrical cask filled with beech 
shavings, which have been treated with vinegar to supply 
the needed organisms. Air is introduced at the bottom of 
the cask, and as it rises it meets the alcoholic solution which 
trickles down over the shavings. While it takes several 
weeks to make vinegar by the natural process, the quick 
artificial process is complete in a few hours. A good vinegar 
should contain from 4% to 6% of acetic acid. 

657, Properties and Uses of Acetic Acid. Acetic acid is 
a colorless liquid that has almost the same boiling point 
as water. If it contains less than 0.5% of water, it will 
crystallize when cooled to 16° C. This crystalline product 
is known as glacial acetic add. The acid has a pungent odor. 
It is a good solvent for organic chemicals. Its salts have 
the (C2H3O2) radical. They find use as mordants. The 
acid itself finds use in making vinegar. With cellulose it 
forms cellulose acetate, which is used in making “dope'' 
for covering gas bags for dirigibles, and for making the 
safety motion picture films. It also finds use in the manu- 


698 SOME CARBON- COMPOUNDS 

facture of cellophane, which is so widely used as a wrapping 
material. 

658. Oxalic Acid, ^ ■(COOH) 2 .- Chemically this white,' : 
crystalline solid acts as a dibasic acid. It has two carboxyl 
groups. For that reason it may form oxalates or bmoxalates. 
The acid is an active poison which finds some use in calico 
printing, as a reducing agent, in bleaching flax and straw, 
and in cleaning brass and copper. The oxalates are found 
in such plants as sorrel, oxalis, and rhubarb. 

659. Tartaric Acid, (CHOH) 2 (COOH) 2 . This acid is also 
dibasic. It is a wliite crystalline solid. When grape Juice 
ferments, ^Hartar,” or impure potassium acid tartrate, which 
is insoluble in alcohol, is deposited in the form of crystals. 
From this ^Hartar^^ the acid may be obtained. More often 
it is purified to be sold as potassium acid tartrate^ KH(C 4 H 406 ), 
which is the cream of tartar’^ used in making baking pow- 
ders. Sodium potassium tartrate, NaK(C4H406), is used in 
medicine under the name of Rochelle salts. 

/OH 

660. Citric Acid, CsHk . This acid is a white 

\(C00H)3 

crystalline solid, sometimes called *^sour salt.^' It occurs in 
such fruits as raspberries, gooseberries, and currants. It is 
found in lemons, limes, and other citrous fruits. The acid is 
used in soft drinks. Its magnesium salt is used in medicine. 

1. ETHEREAL SALTS OR ESTERS 

661. What Is an Ester? We know that an acid and a 
base unite to form a salt and water. Organic acids unite 
with alcohols, which have one or more OH groups, and form 
esters, or ethereal salts. For example, 

C2H5OH + CH3COOH > C2H5 . C2H3O2 + H2O. 

The ethereal salt that is formed is called ethyl acetate. It 
hydrolyses, since it may really be considered the salt of a 
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weak acid and an alcohol which acts somewhat like a base. 
To force the reaction to proceed toward the right, snlfiiric 
acid is used as a dehydrating agent to take up the water that 
is formed. Esters are also produced when an alcohol unites 
cheiiiically with an inorganic acid. For example, ethyl 
nitrite, or sweet spirits of niter, has the formula C 2 H 5 NO 2 . 
Glyceryl nitrate^ C 3 H 5 (N 03 ) 3 , or nitro-glycerine^ is also an 
ethereal salt. ^ 

662. Esters in Nature. Many esters are found in nature/ 
in fats and oils. These ethereal salts give to fruits their 
flavor and they are present in the perfumes of flowers. The 
name ethereal salts is applied to the esters because so many 
of them have pleasing odors. For example, oil of winter- 
green is a salt of wood alcohol and salicylic acid known as 
methyl salicylate. It can be made synthetically. Banana 
oil, which is used as a vehicle for aluminum paint, is an 
ester known as amyl acetate. An ethereal salt made by the 
interaction of ethyl alcohol and butyric acid has the flavor 
and odor of pineapple extract. It is ethyl butyrate. This is 
especially interesting, because butyric acid is present in 
rancid butter and imparts to it a disagreeable odor and taste. 
Many fats and oils are glyceryl salts of stearic, palmitic, and 
oleic acids. 

663. What Is Saponification? The word saponification 
means ^^soap-making.’’ If we treat stearin, which is the 
glyceryl salt of stearic acid, with a strong base like sodium 
hydroxide, sodium stearate or soap is formed and glycerine 
or glycerol is obtained as a by-product. The equation 
follows: ^ 

CsHsCCiTHssCOa)^ + 3NaOH SNaCiTHssCOa + CsHsCOH) a- 

Saponification may be defined as the process of converting fats 
or oils into soaps by treating them with a strong base. Moie 
broadly, it includes the hydrolysis of ah esters. Stearin 
for use in making soaps is obtained from beef or mutton 
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tallow. Palmitin, an ester formed from palmitic acid, 
C15H31COOH is found in palm oil. It also finds use in mal-^r, g 
some kinds of soap. Olein is a glyceryl salt of oleic acid, 
C17H33COOH, which forms a considerable proportion of lard, 
olive oil, and cottonseed oil. /Soap is usually a mixture of 
the sodium salts of the organic acids mentioned in this 


Fig. 361. — Kettles in which soap 
is boiled. The largest kettles are 50 
feet deep and about 20 feet in diam- 
eter. They hold about 1,000,000 
pounds apiece. 


section. For example, Castile 
soap is sodium oleate made 
by boiling a low-grade olive 
oil with sodium hydroxide. 
Figure 361 shows the giant 
kettles in which the soap is 
boiled. The soap is put through crutching machines (Fig. 
362), and then run into molds to solidify. It is then cut 
into bars, by means of steel wires. Figure 363 shows the 
first cutting, and the strips ready for the final cutting are 
shown in Fig. 364. 

/Soft soaps and liquid soaps are usually made by using 



Courtesy of The Proctor and Gamble 

Fig. 363. — The steel wires cut the soap 
into strips. 


FILLERS AND ADULTERANTS 


potassium hydroxide instead of sodium hydroxide to saponify 
the fats. Shaving soaps are often made by saponifying the 
fats or oils with a mixture of sodium and potassium hydrox- 
ide. ' We have al- 


Fig. 362. — The crutching machines are 
shown in the background. In the foreground 
are large blocks of soap of about 1200 lb. each. 


ready learned that 
calcium and mag- 
nesium salts pres- 
ent in hard waters 
will form a pre- 
cipitate when soap 

is added to these ' CJ'’ 

waters. Both 
^dime soap” and 
^ ^ magnesium soap ” 
are insoluble, and 
no suds can be pro- 
duced until enough 
soap has been added 
to precipitate all 
the calcium and 
magnesium present 
in the water. Some 

soaps that will ^ i i' 

lather in hard 
water,' or in sea 
water, are made 
from cocoanut oil. 

These marine 
maps, or hard- 
w’ater soaps, con- 
tain considerable 
water. Glycerine is obtained as a by-product in the soap 
industry. 

664. Fillers and Adulterants. In the manufacture of 
soap, some water is incorporated with it. The soap is then 
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dried to give it the proper hardness and prevent its dissolv- 
ing too rapidly. A hard soap should not contain more than 
25% of water. Rosin is nearly always added to a laundry 
soap since it increases its lathering power. As it aids in the 
cleansing process, rosin should be classed as a filler rather 
than as an adulterant. Sodium silicate is added as a filler 

in some soaps. Its 
cleansing properties 
are slight, and it- 
is injurious to cer- 
tain fabrics; hence 
it is sometimes 
classed as an adult- 
erant. A laundry 
soap usually con- 
tains a slight excess 
of the base to aid 
in removing grease 
or oil from the 
fabrics. A toilet 
soap should not contain free alkali as it will cause the skin 
to chap or crack. 

666. Cleaning and Laundering. Dirt may usually be 
readily removed from the clothing by the mechanical action 
of water unless grease or oil is present. In such a case the 
grease sticks to the fiber and the dirt which adheres to it can- 
not be removed since the binding material is insoluble in 
water. Soap is water-soluble and it owes its cleansing power 
to its abihty to form an emulsion with fats and oils. The 
minute fat globules which are held in suspension by the soap 
TOlution are easily carried away by the agitation of the water. 
Dust particles adsorbed on the surface of the bubbles of the 
soap are also removed in the same manner. 

Wool and silk are usually “dry cleaned,” since they are 
hkely to be injured by the action of soap and water. In the 



Fig. 364. — The strips of soap are ready 
for the final cutting. The wires are strung 
at the right. 
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''dry cleaning'' process some substance like gasoline, benzol, 
or carbon tetrachloride, is used to dissolve the grease. It 
may then be absorbed by the use of blotting paper, or with 
such powders as French chalk or fuller's earth. Carbon 
tetrachloride is one of the safest solvents to use since its 
vapor does not form explosive mixtures with air. 

666. Special Soaps and Scouring Powders. The floating 
soaps Qxe made by beating air into the soap while it is still 
liquid. Transparent soaps frequently contain glycerine. 
They may also be made by dissolving the soap in alcohol. 
Dyes and perfumes are generally added to toilet soaps. 
The various medicated soaps are made by adding to them 
some substance of supposed medicinal value. Powdered 
soaps are made by grinding a dry, hard soap to a fine pow- 
der. If such a soap is to be used in the laundry, sodium 
carbonate is usually added. Naphtha soaps contain a small 
per cent of naphtha. 

Scouring powders are generally mixtures of powdered soap, 
sodium carbonate, and such gritty substances as powdered 
sand or pumice stone. Many of them contain from 80% to 
90% of insoluble matter. 

667. Butter — Oleomargarine. Butter is an animal fat 
obtained from milk. The federal law requires that butter 
shall contain at least 82.5% fat and not more than 16% 
water. These fats are mainly olein, stearin, and palmitin, 
but the flavor of butter is largely due to an ester of butyric 
acid and the presence of small quantities of ethereal salts of 
capric, caproic, and caprylic acids. Certain bacteria cause 
butter to ferment or become rancid, the disagreeable odor in 
such event being due to the formation of the acids from the 
last four esters mentioned. Butyric acid has an unpleasant 
odor and taste. Capric acid is present in limburger cheese. 
As these acids are volatile, such butter may be renovated by 
melting the fat and blowing air through the molten fat for 
several hours. Such butter is also called process butter 
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Oleomargarine is a butter substitute. It is made from 
neutral lard^ beef fat, cottonseed oil, and palm oil. It is 
cheaper than butter and is considered just as nutritious. 
Few persons can tell the difference between butter and 
oleomargarine by the taste alone. Nut margarine is made 
from peanut oil and cocoanut oil. 

Butterine is made by adding a certain per cent of butter to 
oleomargarine. It is sometimes churned with sweet milk to 
improve its flavor. 

SUMMARY 

Organic chemistry is known as the chemistry of the compounds 
of carbon. 

Carbon compounds are obtained by the destructive distillation 
of wood and coal, from the fractional distillation of petroleum, and 
from various plants and animals. 

A hydrocarbon is a compound containing hydrogen and carbon 
only. More than two hundred are known. They are used exten- 
sively as fuels and solvents. Methane, acetylene, benzol, gasoline, 
kerosene, vaseline, paraffin, naphthalene, and turpentine are all 
common examples of hydrocarbons. 

Certain elements or groups of elements may be substituted for 
one or more of the hydrogen atoms in a hydrocarbon. Chloro- 
form, iodoform, carbon tetachioride, and aniline are important 
substitution products of hydvoc&Thons, 

Fermentation is a chemical change produced by the action of a 
living organism or an enzyme. 

The alcohols are organic compounds consisting of an organic 
radical and at least one OH group. Ordinary alcohol is made by 
the fermentation of sugar. Methyl alcohol, glycerol, and plieno! 
are also important alcohols. 

An ether is an oxide of organic radicals. Ethyl ether is the most 
common, being used as an anesthetic. 

A Idehydes have the CHO group. Formaldehyde is the most com- 
mon aldehyde. It finds use as a disinfectant and preservative. 

Organic adds have the carboxyl (COOH) group. Acetic acid 
occurs in vinegar. Tartaric acid finds use in baking powder. 
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Esters are salts of alcohols and acids. They include animal and 
vegetable fats and oils, fruit flavors, perfumes, nitroglycerine, 
etc. Butter and oleomargarine are mixtures of esters or ethereal 
salts. 

SaponificaMon is the process hy which fats and oils are converted 
into soap by boiling them with a strong base. 

QUESTIONS 
Group A 

1. What do you understand by an homologous series? Does 
the relation appear to hold in the same manner in organic acids? 

2. Why is petroleum such an important substance from an 
industrial standpoint? 

3. What is the advantage of using structural formulas in 
organic chemistry? 

4. At one time coal tar was thrown away as waste material. 
Why is it so valuable at the present time? 

5. Is wood alcohol suitable to use as an alcohol rub? Give a 
reason for your answer. 

6. Why is alcohol so important in pharmacy? 

7. Why does baking soda relieve the pain from bee stings? 

8. Name some common fillers used in soap. Should they be 
classed as adulterants? 

9. State the advantages and disadvantages of using a soap 
that contains free alkali. 

Group B 

10. If you were given a substance containing carbon 92.3%, 
and hydrogen 7.7%), how could you tell whether it was acetylene 
or benzol vapor? 

11. Name one very important part that sulfuric acid playvS in 
organic chemistry. Illustrate, using at least three different cases. 

12. Would it be possible to produce formic acid by starting with 
methane? If so, name the different steps in the process. 

13. Why does not a mixture of gasoline and water make as good 
a cleansing solution as soap and water? 
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14. Castile soap is often mottled by putting into it ferrous 
sulfate. This produces green spots. Why do they become red 
when exposed to the air? 

15. Write a 300-word eSsay on the topic, “What shall we do 
when petroleum sources begin to fail?” 

16. Explain why a person who has taken a cocktail is an unsafe 
driver. 


CHAPTER 42 


OTHER CARBON COMPOUNDS 

Vocabulary 

Isomer. A compound that has the same percentage composition 
and the same molecular weight as another compound. 

Exudation. A discharge of juice or gum, as from a pore or incision. 

Cordage. Ropes or cords. 

Suppurate. To form pus or matter. 

Aseptic. Free from the germs that cause pus, or decay. 

A. CARBOHYDRATES 

668. What Are Carbohydrates? The hydrocarbons con- 
tain carbon and hydrogen only, but the carhohydrates contain 
carbon, hydrogen, and oxygen. In nearly all cases, the hy- 
drogen and oxygen are present in the ratio of 2 to 1, the same 
as in water. This group of compounds includes the various 
sugars, starch, cellulose, and dextrine. 

669. Many Sugars Are Known. Of the various sugars 
glucose, fructose, maltose, sucrose, and lactose are the most 
important. Cane sugar, heet sugar, and maple sugar all con- 
tain sucrose, which has the formula G 12 H 22 O 11 . From the 
chemical point of view, these sugars are all alike. Maple 
sugar contains some flavoring material that gives it a dif- 
ferent taste from beet sugar or cane sugar. The latter two 
are indistinguishable. 

Cane sugar is made by squeezing the Juice from sugar 
cane as the stalks are passed between rollers. It is then 
clarified by precipitating some of the impurities and filtering 
the liquid through boneblack. To avoid scorching the 
sugar and to facilitate evaporation, the syrup is heated in 
vacuum pans while it is being concentrated. (See Fig. 365.) 

707' , ■ ^ 
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Liquids boil at lower temperatures when the atmospheric 
pressure is reduced, and they evaporate faster. The /'mother 
liquor left after the crystals of sugar have been removed is 
known as molasses. Pure sugar crystals have a natural 
yellow tint. A slight amount of some blue pigment is some- 


Fig. 365. — Vacuum pan for making granulated 
sugar. 

times added to neutralize this yellow color. Beet sugar is 
made from beets in a similar manner. 

If sucrose is heated to 210'^ C., caramel is formed. It finds 
use as a flavoring material in candy and ice cream and as a 
coloring material. If we add an acid to sucrose and heat 
it to about 70° C., the sucrose is converted into two sugars, 
dextrose and hvulose. The equation follows: 

Ci 2 H 220 ii + H2O C6H12O6 + C6H12O6. 





DEXTROSE , OR GRAPE SUGAR 


This process is known as inversion^ and a mixture of the two 
sugars is called invert sugar. The reaction is not reversible. 
This seems rather peculiar, since it is generally easy to 
dehydrate a compound by the action of an acid. It will 
mean a fortune for the one who learns how to make sucrose 
from invert sugar, for invert sugar can be made from 
starch, which is a cheap product. Invert sugar is not 
crystalline, but it is a sticky substance. If we wish to 
make pulled candy, we add vinegar, which contains an acid, 
to cane sugar in order to convert it into the sticky invert 
sugar. 

670. Milk Sugar or Lactose, Ci2H220n.H20. Lactose 
has the same composition as cane sugar, but it contains 
water of crystallization. About 5% of cow’s milk is milk 
sugar. It is useful as a food, and it finds extensive use in 
medicine for making pills or for coating them. Lactic acid 
bacteria are always present in milk. They act upon lactose 
and produce a fermentation which converts the lactose into 
lactic acid, which is present in sour milk. Grade A milk 
contains fewer lactic acid bacteria than does Grade B; 
hence the latter will sour more quickly. 

671. Maltose, C 12 H 22 O 11 . Malt is made by sprouting 
grains of barley in water and then drying them. The barley 
grains contain the enzyme diastasewhich converts some of the 
starch present in the grains into maltose, a very sweet sugar 
similar to lactose. This sugar is supposed to be very easily 
digested. 

672. Dextrose or Grape Sugar, CelLuO^. This compound 
is often called grape sugar or glucose. It is found in nature 
in grapes, in various kinds of fruits, and in honey. Pure 
grape sugar is a white, crystalline solid. It is about three- 
fifths as sweet as cane sugar. We have learned that it can be 
made by the inversion of sucrose. It is prepared com- 
mercially in large quantities by heating starch with very 
dilute hydrochloric acid. The acid is then neutralized with 
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sodium, bicarbonate. Dextrose is usually marketed in the 
form known as glucose, which is a thick syrupy liquid that 
contains both dextrose and dextrine. Large quantities of 
glucose are used in making candy, in molasses, and in jams 
and jellies. The starches and sugars which we eat are 
converted into glucose by a ferment present in the pancreatic 
juice. It is a highly concentrated food, and it is not in- 
jurious. The only possible objection to its use arises when it is 
sold as a substitute for cane sugar at the same price as sugar 
itself. ^ 

673. Levulose, CeHitiOe. Fructose or levulose is found in 
many fruits. It is formed in equal quantities with glucose 
during the inversion of sucrose. The student will observe 
that it has the same formula as dextrose. In fact, there are 
known to the chemist eighteen different sugars that have 
this formula. Two co7npounds that have the same 'percentage 
composition and the same molecular weight are said to be 
isomeric. Levulose is an isomer of dextrose. The origin and 
significance of the names of these sugars afford an interest- 
ing side-trip in physical chemistry. 

If we could see the end of a beam of light, we would see 
the various rays of which it is composed vibrating to and 

fro in all directions. Certain 
crystals, such as tourmaline, 
permit light to pass through 
them, but they stop all the rays 
except those vibrating in a single 
plane. Such light is said to be 
polarized. (See Fig. 366.) If a 
plane of polarized light, coming 
from a tourmaline crystal for 
example, enters a dextrose solution, the plane is twisted 
toward the right. Such a sugar is said to be dextro-rotatory. 
The Latin word dexter means ^Howard the right.'' Hence 
the name dextrose" for this sugar. The Latin word laevus 



A 

Fig. 366. — A. Possible ap- 
pearance of end of beam of 
light. B. Of polarized light. 
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means Levulose is so named because it twists the 

plane of polarised light to the left. 

674. The Source of Starch and Its Properties, The 
formula for starch is written (CeHioOs)^. Its simplest formula 
can be found by the method given in Section 121. But it 
cannot be vaporized and it is insoluble. Therefore its 
correct formula cannot be found, because it is impossible to 
determine the value of n. Starch is manufactured by the 
leaves of green plants, and usually stored by the plant in its 
seeds, its roots, or its stem. Most of the starch made in the 



Fig. 367. — Starch grains from various plants. 


United States comes from corn, but potato starch is common 
in Europe. Rice starch is also made in quantities. Starch 
is made up of granules which vary in appearance. By the 
aid of the microscope, it is possible to tell from what source 
the starch was obtained. (See Fig. 367.) 

Starch is insoluble in water, but when starch is heated 
with water, the granules burst, and the altered starch forms 
a colloidal suspension. If only a little water is used, a kind 
of transparent jelly known as starch paste is formed. In. the 
laundry, starch is used in the form of a dilute paste. When 
cold starch is used, the fabric is dipped into a suspension of 
starch granules in water. It is probable that the heat from 
the iron produces altered starch when the fabric is ironed. 
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With iodine, starch yields a blue-black color. This color 
reaction serves as a test for either iodine or starch. 

As a food-stuff, starch produces heat and energy. It finds 
use in the laundry and also as a sizing and filling material. 
Large quantities of starch are used in making glucose and 
dextrine. Nitric acid interacts with starch and forms 
nitro-starch, a compound that is a powerful explosive. 

676. Dextrine, CeHioOj. When starch is heated, or when 
it is treated with a dilute acid, some dextrine is formed. It 
is also produced by the action on starch of saliva, diastase, 
or one of the ferments in the pancreatic juice. Dextrine is a 
sticky substance used as a substitute for gum arabic in calico 
printing and as an adhesive for postage stamps and envelopes 
It is sometimes added to inks to make them adhere to the 
paper. Mucilage contains dextrine. 

676. Pectin is a complex carbohydrate which forms with 
cellulose a compound known as pecto-cellulose. When cer- 
tain fruits are boiled with water this compound hydrolyzes 
and forms pectic acid. This acid and its salts form a jelly 
when cooled. Fruits which do not contain a pectin compound 
capable of being changed to pectic acid will not “jell.” 
Pectin is not present in overripe fruits. Too long a boiling 
decomposes pectic acid present in sour fruits and prevents 
their forming jellies. Commercial products containing pectin 
are now sold for use in making jellies. 

Cellulose, (CsHioOeL. Cellulose may be con- 
sidered the framework of afi woody plants. It has the 
same formula as starch, but undoubtedly it has a different 
molecular weight. Cotton and linen fibers are nearly pure 
ceUulose. Wood is largely made up of cellulose, and the 
cell walls of various plant tissues are composed of cellulose. 
Like starch, cellulose decomposes if we try to volatilize it, 
and it resembles starch from the fact that it is insoluble in 
ordinary reagents. In zinc chloride or in an ammoniacal 
solution of copper oxide, ceUulose forms a coUoidal suspen- 
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Courtesy of B. D, Rising Paper Co. 


Fig. 368. — Sorting paper rags. 
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sion. We have already learned that nitric acid interacts 
with cellulose to form several different nitrates of cellulose. 
These cellulose nitrates are used for making smokeless 
powder, in making collodion and celluloid, in the manufac- 
ture of lacquers, and for making so-called artificial silk,^^ 
Parchment 'paper is made by the action of concentrated 
sulfuric acid on cellulose. 

B. THE PAPER mPUSTRY 

678. What Is Paper? The filter paper used in the labora- 
tory is composed almost entirely of cellulose. Such large 
quantities of paper are used every year that the demand for 
cellulose for this industry is ever-increasing. Such raw 
materials as spruce logs, linen and cotton rags are used to 
supply the cellulose for paper. But our forests are diminish- 
ing and other sources of cellulose are being sought. Theoreti- 
cally any woody plant will supply cellulose for paper, but in 
some cases the fibers are so short that they do not form a 
strong mat. It is estimated that some 120,000,000 tons of 
cornstalks are produced annually in the United States. A 
plant was built at Danville, Illinois, for the purpose of making 
paper from cornstalks. Chemists have also experimented 
with such agricultural wastes as straw and cotton stalks in 
their efforts to make paper and other useful products. 

In making paper from wmod, the blocks of wood are first 
shredded by means of revolving stones, and then treated 
with some reagent such as sodium hydroxide to dissolve the 
gummy substances and leave nearly pure cellulose. A better 
and stronger pulp is made by treatment of the fibers with 
calcium bisulfite, Ca(HS 03 ) 2 . If a white paper is desired, 
some bleaching agent such as sulfur dioxide or chlorine is 
used. When rags are used they are sorted, and then cut to 
pieces and dusted before boiling. (See Figs. 368 and 369.) 
The boiler shown in Fig. 370 is capable of handling about 
12,000 pounds of rags at one time. Lime and soda are 





I lip 


WHAT IS PAPER? 


Courtesy of B. D. Rising Paper Co, 
A boiler in which 12,000 pounds of rags are boiled at one time. 


Ising Paper Co. 


Fig, 371. — The beaters which convert the rags into pulp. 
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used during the boiling to remove the color and certain 
impurities. The boiling is continued for several hours. In 
the further treatment of either rags or wood fiber, the mass is 
converted into pulp by being run through knives placed on 
rollers. Figure 371 shows one of the beaters for making pulp. 
The mass of cellulose is run between the revolving knives 
and a set of knives on the bed-plate. From the beaters the 
pulp, which is suspended in water, is run onto screens to 
form a mat of fibers. (See Fig. 372.) Prom the screens this 
mat of fibers passes through rollers which dry it and press it 
to form paper. Figure 373 shows the finishing rolls of a 
paper-making machine. 

To increase the weight of paper such loading materials as 
clay, calcium sulfate, and barium sulfate are often added. 
They give body to the paper and make it less transparent. 
If the weighting does not exceed 10%, it is not considered 
an adulterant, although in some papers the weighting 
material may comprise 30% of the total weight of the 
finished product. Paper which is to be used with ordinary 
ink must be sized to close the pores of the paper and keep 
the ink from spreading by capillary action. Rosin dis- 
solved in sodium hydroxide and then precipitated with 
aluminum sulfate is often used for sizing. High-grade papers 
are sometimes sized with gelatine. 

C. TEXTILES 

679. The Textile Fibers. Several different kinds of fibers 
are used extensively in the textile industry. Silk and wool 
are animal fibers that contain nitrogen in addition to carbon, 
hydrogen, and oxygen. Wool also contains sulfur. Linen 
and cotton are nearly pure cellulose. The compound micro- 
scope furnishes the best method of identifying the different 
kinds of fibers. (See Fig. 374.) Under the microscope, wool 
appears scaly; the cotton fibers are flat and twisted; the 
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Courtesy of B. D. Rising Paper Co. 
The cutter end of a Fourdrinier paper machine. 
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linen fibers are cylindrical, but not of uniform diameter 
throughout; and the silk fibers are uniform cylinders. 

The animal fibers, wool and silk, may be distinguished 
from the plant fibers by the following chemical tests; Both 
wool and silk are completely destroyed by the action of a 



I 





hot solution of sodium hydroxide of 5% strength; the plant 
fibers, cotton and linen, are hardly affected by such treat- 
ment. On the other hand, cold concentrated hydrochloric 
acid has little effect on wool and it dissolves silk slowly, but 
it attacks the plant fibers and destroys them. It is easy to 
distinguish cotton from linen by the aid of the microscope, 
but dfficult to tell them apart by chemical tests, if the linen 
has been laundered a few times. Cold concentrated sulfuric 
acid destroys cotton in about two minutes, but new linen is 
only slightly attacked in that time, 

Hem.p, jutCf and ramie are other cellulose fibers used for 
cordage and for textiles. By chemical treatment, certain 
fibers may be given entirely different properties. Sometimes 
they are made more lustrous, sometimes they are strengthened, 
and sometimes they take dyes more readily. Mercerized 
cotton and the so-called artificial silks are examples of such 
products. 

680. Wool. Wool is an animal fiber, usually obtained 
from the sheep, some species of goats, or from the llama, 
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an animal found in the Andes Mountains of South America, 
Mohair is made from the fiSece of the Angora goat, and 
cashmere from the wool of a goat found in Tibet. Wool 
contains sulfur and nitrogen in addition to carbon, hydrogen, 
and oxygen. In scouring wool, suint and lanolin are ob- 
tained as by-products. Suint is a water-soluble substance 
rich ill potassium compounds. Lanolin is a wool-fat that 
is used in pharmacy as a vehicle for ointments. 

Alkalis and oxidizing agents destroy woolen fabrics. 
Therefore a laundry soap containing much free base is not 
suitable for washing woolen, and chlorine is too strong an 
oxidizing agent to be used for bleaching woolen goods. Wool 
is quite hygroscopic, the amount of moisture adsorbed 
upon the surface of the fiber being quite marked. Wool is 
sufficiently basic to combine readily with acid dyes without 
the use of a mordant. Wool fibers become brittle if heated 
much above 100° C. 

681. Silk and Its Properties. Silk also contains nitrogen, 
but, unlike wool, it does not contain sulfur. Silk is obtained 
by unwinding the cocoons spun by the silkworm. The silk 
glue must be softened first in warm water before the fibers 
can be reeled. Like wool, silk is very hygroscopic. The de- 
termination of the amount of such water adsorbed is techni- 
cally known as conditioning. It may amount to as much as 
30% of the weight of the silk. To make silk smooth and 
glossy the raw product, which is quite harsh, is treated with 
a warm soap solution to dissolve more of the silk glue. If 
the product is to be ecru silky the washing is continued until 
the loss of weight is only 2% to 4%. If all the glue is re- 
moved the loss in weight may be as much as 25% to 30%. 
During the dyeing of silks tin salts are often added. Such 
of silk may more than double the weight of a 
fabric. A silk so heavily weighted or loaded may crack very 

: .quickly.: • ■ ■ 

Silks are readily attacked by alkalis. They dissolve in 
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hydrochloric acid slowly. Strong oxidmng agents destroy 
the fiber. Silk is bleached with sulfur dioxidcj hydrogen 
peroxide, or a dilute solution of potassium permanganate. 

682. How Cotton Is Mercerized. If cotton is immersed 
in a strong solution of sodium hydroxide, it shrinks to about 

three-fourths its former length. 
But if the cotton is stretched on 
a frame to prevent shrinkage, 
the nature of its fiber will be 
changed when it is immersed in 
a 34% sodium hydroxide solu- 
tion. Cotton fibers so treated 
become stronger and they take 
on a luster that makes them 
more closely resemble silk. Cot- 
ton so treated is said to be mercerized, because the process 
was devised by John Mercer. Mercerized cotton takes dyes 
better than ordinary untreated cotton. 

683. Some Silk Substitutes. Although the name ^^arti- 
ficial silk^’ is given to some cotton products made to resemble 
silk, yet it is a misnomer. They do not contain silk, and they 
are not silks made by synthesis. They are made from 
cellulose, and are now sold under the name rayon. The 
various processes used for making these products differ 
chiefly in the method used to make colloidal suspensions of 
the cellulose fibers. Generally the short fibers that are un- 
fit for spinning are used for this purpose. They are thoroughly 
cleaned and dried, and then converted into colloidal suspen- 
sions by one of three or four processes: (1) In the pyroxylin 
silks, which were the first manufactured, the cellulose is 
nitrated by treating it with a mixture of nitric and sulfuric 
acids. Then a colloidal suspension of the nitrated cellulose 
is prepared to be used for spinning. Cellulose acetate is 
sometimes used instead of cellulose nitrate. (2) In the viscose 
process the solution of cellulose is prepared by treating wood 



Fig. 375. — The solution of 
cotton forms a fiber as it flows 
into the caustic liquid. 
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fibers with sodium hydroxide and carbon disulfide. (3) In 
the cuprammonium process the short fibers of cotton are dis- 
solved in an ammoniacal solution of copper. When air is 
present ammonium hydroxide will dissolve copper, and the 
solution thus formed dissolves cellulose. 

In each process the clarified solution is forced through 
spinnerets. The spinneret is a thin disc made of an alloy of 


Fig. 376. — Spinning artificial silk. 


gold and platinum. In each disc there are twenty or more 
holes only 0.005 mm. in diameter. As the colloidal suspen- 
sion is forced out through these holes in the spinnerets, it 
comes into contact with some liquid, usually acid or alka- 
line, which precipitates the fiber. (See Fig. 375.) Thus 
twenty small fibers are produced, and they are twisted to- 
gether to form a single thread. Figure 376 shows a row of 
spinning machines used to make ^^artificial silk,^’ or “rayon.” 
The fibers are then reeled and washed to free them from the 
acid or alkali used to precipitate the fiber. (See Fig. 377.) 
The pyroxylin silks are treated with alkaline sulfides to 
denitrate them so they will be less flammable. 

Silk substitutes produced by the processes described are 
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almost as strong as natural silk, except when they are wet. 
They take dyes better than does cotton. In some cases they 
are even more lustrous than real silk. 


Fio. 377. — Keeling and washing the silk. 

D. GUMS — RESINS — VARNISHES — LACQUERS 

684. Gums. Several kinds of trees secrete gummy sub- 
stances that are exuded from the bark when incisions are 
made. They are carbohydrates that as a rule dissolve in 
water and form a mucilage. They are insoluble in 
alcohol. 

Acacia, or gum arahic, and gum tragacardh are two common 
gums. They find use in preparing emulsions, in confection- 
ary and lozenges, in calico printing, and in finishing cloth. 
Cherry gum finds use for stiffening hats. 

685. Resins. The resins also contain carbon, hydrogen, 
and oxygen. They are hard, translucent solids, generally 
obtained as exudations from certain trees, although they may 
occur as fossil mineral substances. They differ from the 
gums, because they are insoluble in water, but they are 
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generally soluble in alcohol and turpentine. Rosin^ copal, 
lac, amber, dammar, and sandarac are important resins. 
They find use in the varnish industry. 

686. Varnishes are made by dissolving resins in a suitable 
solvent. A good varnish should not be discolored by the 
action of water. It should form a hard, translucent, lustrous 
coating, tough enough so it will neither crack easily, nor form 
a resinous dust when scratched with a sharp instrument. 
The properties depend upon the nature of the resin and upon 
the solvent used, some varnishes being tough and elastic, 
others being hard but somewhat brittle. 

Spirit varnishes are made by dissolving a resin, usually 
lac, in alcohol. Such a varnish is known as shellac. It 
gives a hard surface and dries rapidly as the alcohol evapo- 
rates. Turpentine varnishes usually give a tougher coating; 
they are made by dissolving resins in hot turpentine. Oil 
varnishes are made by heating the melted resins with linseed 
oil or Chinese wood oil. They form excellent varnishes 
since the coat is very tough and resists the action of water 
very well. Copal is a resin largely used in making high- 
grade varnishes, while rosin is employed in the manufacture 
of cheap varnishes. 

687. Lacquers. Lacquers are being used more and more 
instead of varnish and even of paints, especially for furniture 
and for automobiles. They are less affected by weather con- 
ditions than either paints or varnishes. At one time the 
name lacquer was applied to varnish itself, especially when 
several coats were applied and baked on the surface. The 
modern lacquer consists of cellulose nitrate or cellulose acetate 
dissolved in some solvent such as butyl alcohol, butyl ace- 
tate, or acetone. They dry quickly, since the solvent 
evaporates rapidly and leaves a film of the cellulose nitrate. 
To keep this film from cracking, eithei camphor or some 
substitute for it is added to the lacquer. Sometimes one of 
the varnish resins is added to make the lacquer more lustrous 



Courtesy of Buick Motor Co. 

Lacquer may be applied to surfaces by means of a 
spray machine or gun. 


was nearly always used. Now less volatile solvents are in 
use, and they dry slowly enough so the lacquer may be ap- 
plied with a brush. 
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and to give it a harder surface. Pigments are used to give 
color to the lacquer, just as they are used in paints. 

To apply lacquers a spray gun may be used. (See Fig. 378.) 
When they were first used, this method of applying them 


688. What Is a Plastic? If we mix clay with water, the 
plastic mass that is formed may be worked, pressed, or 
molded into any desired shape and then fired to make it 
hard so it will retain this shape. Glass is so soft when heated 
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that it may be rolled, pressed, or blown into any form, which 
is maintained w^hen the glass is cooled. The industrial 
chemist deals with many plastics, which under some con- 
ditions are so soft that they can be molded at will and under 
other conditions are hard enough to retain their shape. 

Glass and clay are plastics that have long been used. 
Asphalt is a plastic that finds use in insulating lacquers and 


Fig. 379. — A nursery of young rubber plants. In six or seven years, 
they will grow to a height of about 60 ft., and be ready to tap for 
rubber. 

for making pavement. In a sense the lacquers and varnishes 
belong to the group of plastics. Other plastics include 
rubber, bakelite, celluloid, pyralin, cellulose acetate, and 
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The latex from the 
rubber trees is treated 
with acetic acid to pre- 
cipitate the rubber. 
Then the rubber is 
cut into strips, washed 
and milled to make it 
into plastic form ready 
for combining with tlie 
cord fabric. The huge 
rollers shown at your 
left in Fig. 381 are used 
to prepare the rubber 
for use in making cord 
tires for use on auto- 
mobiles. 


After the rubber has 
been cleansed and then 
thoroughly mixed with 
such substances as zinc 
oxide, lithopone, carbon 
black, and sulfur, it is 
converted into liquid 
form. Figure 382, shown 
at your left, represents 
one of the machines for 
dipping the cord fabric 
into the liquid. The 
rubber penetrates the 
fabric and insulates each 
fiber. Glue is sometimes 
added, too. 


Figure 383 shows a 
giant calender machine 
used by one of the man- 
ufacturers of automo- 
bile tires to make the 
rubber and cords into 
one integral piece. The 
cord fabric, after the 
gum-dipping, is passed 
between large steam- 
heated rollers under 
sufficient pressure to 
thoroughly impregnate 
the cords with the rub- 
ber. This process is 
called calendering. 






In the mold the tii’es 
are heated under steam 
pressure. The heat vul- 
canizes the green tire 
and at the same time 
the tread design is im- 
pressed upon it. This 
part of the operation is 
entirely automatic. Af- 
ter the tires are removed 
from the mold, they are 
given a final inspection, 
as shown in Fig. 385. 


The tires are then 
cleaned and marked as 
to quality. To protect 
the tire so it will be re- 
ceived in good condition 
by the consumer, it 
is wTapped completely 
^^dth heavy paper. Fig- 
ure 386 shows the tires 
being trapped for ship- 
ment. 


After the cord has 
been thoroughly impreg- 
nated, the casing is built 
up either by winding 
the rubber-impregnated 
cord on an iron wheel, 
or by winding it on a 
drum and then forcing 
it into the desired size 
and shape. Figure 384 
at your right shows 
workman putting a cas- 
ing into a mold. 
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and 380.) In the older process, the milky Juice was collected 
on the end of a stick and heated over a smoky flame to 
evaporate the water. In the modern process of making rub- 
ber, acetic acid is added to the latex to precipitate the rubber. 
(See Figs. 381 to 386.) The rubber is then cut into strips, and 
washed and kneaded thoroughly to free it from im- 
purities. 

Rubber is a hydrocarbon whose simplest formula is CsHs. 
It can be made in the laboratory synthetically, but it is 

cheaper to produce it from 
plants. The pure rubber is 
so sticky and soft in warm 
weather that it cannot be 
used alone. Years ago man- 
ufacturers tried to make 
water-proof garments and 
boots out of rubber, but in 
hot weather they were really 
‘^gum^^ boots, and in cold 
weather a rubber- coated 
garment became stiff enough 
to stand alone. In 1839 
Charles Goodyear, an Amer- 
ican inventor, learned how 
to vulcanize rubber by heat- 
ing it with sulfur. The addition of the sulfur gives the 
product the desired plasticity and elasticity. 

690. Bakelite. An interesting plastic is produced by 
treating formaldehyde with phenol, or carbolic acid. From 
the name of the inventor, L. H. Baekeland, a Belgian- 
American chemist, this product is called bakelite. One form 
of bakelite is soluble and fusible. Another type is soluble 
but infusible, and a third type neither fuses nor dissolves. 
A new form which reacts with vegetable oils to make paints 
and varnishes having the resistance and permanence of the 



Courtesy of Firestone Tire and Rubber Co. 

yiG. 380. — Tapping a rubber tree 
and collecting the latex. 
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alkaloid extracted from cinchona trees. Its hydrobromide 
and sulfate are extensively used in medicine, especially in the | 
treatment of malaria. Cocaine, obtained from coca leaves, I 
is an important local anesthetic. Caffeine is an active stim- 
ulant found in coffee and tea. Codeine is an alkaloid ex- , ; 

tracted from opium, as is morphine. Both alkaloids are used i, ^ 

to allay pain. Paregoric and laudanum are prepared from 
opium. Nicotine is a very poisonous compound found in ‘ I 
tobacco. Strychnine is an active poison that occurs in mix ; 

vomica. Atropine is an alkaloid found in belladonna. It is f i 

used by optometrists to dilate the pupil of the eye. Ptoniaines j | 

are alkaloids formed in dead animal tissues. 

While such alkaloids as morphine and cocaine are very 
valuable drugs, they should never be used unless prescribed 
by a physician, since they are habit-forming drugs. 

I. POISONS AND ANTIDOTES 

704. Poisons and Antidotes, In addition to the alkaloids 
mentioned in the preceding section, many metallic com- 
pounds are poisonous. In fact, soluble compounds of ar- 
senic, antimony, barium, zinc, tin, lead, copper, mercury, 
and silver are all more or less active poisons. Several phos- 
phorus compounds are poisonous, and certain groups of 
elements like the cyanide group are extremely poisonous. 

An antidote is some substance used to counteract a poison. 

It may destroy the effect of the poison by neutralization, 
or it may unite with it to form an insoluble compound which 
is not absorbed by the digestive tract. Three general rules 
may be given that should be followed in case of poisoning. 

(1) Give an emetic to produce vomiting. Ipecac is usually 
most successful, as it contains the alkaloid emetine, a very 
nauseating compound. (2) Give an antidote, if the nature 
of the poison is known. (3) Give a purgative, such as castor 
oil or Epsom salts, to remove the poison from the intestines. 

Very often the poison is unknown and no special antidote 
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can be given. Fortunately albumin forms an insoluble 
compound with the salts of most metals, and the whites of 
eggs and milk may be used freely, as the treatment can do 
no harm. If a narcotic poison, such as opium ^ morphine y ox 
nicotine been taken, a stimulant like strong coffee should 
be given in quantity. Alcohol is not a stimulant^ but a nar- 
cotic. In any case, do not let the person sleep, but keep him 
moving. The inhalation of ammonia is beneficial For a 
stimulant poison like strychnine, a sedative such as sodium 
bromide may be used, or a narcotic like chloral. 

For aad poisoning, use sodium bicarbonate, soapsuds, 
chalk, or magnesia. 

Fox alkali poisoning, use vinegar, lemon juice, or orange 
juice. 

Arsenic. Milk; raw eggs; freshly precipitated ferric hy- 
droxide. Such rat poisons as “rough on rats^^ contain 
arsenic, as does also Paris green. 

Bichloride of Mercury. For this and other mercury com- 
pounds, use milk freely; white of eggs; zinc sulfate. 

Carbolic Acid. Alcohol; raw eggs; Epsom salts. 

Hydrocyanic Acid. Ferrous sulfate followed by small 
quantities of potassium carbonate; artificial respiration; 
inhaling ammonia. 

Iodine. Starchy foods in abundance; “hypo.” 

Lead Salts. Epsom salts; milk; albumin. 

Phosphorus. Copper sulfate; Epsom salts. Avoid oils. 

Potassium Cyanide. Ferrous sulfate. Artificial respira- 
tion. 

Silver Nitrate. Sodium chloride, or common table salt. 

Tartar Emetic. Milk; eggs. 

SUMMARY 

The carbohydrates contain carbon, hydrogen, and oxygen; they 
include sugars, starch, cellulose, dextrine, and certain gums. 

Cane sugar, beet sugar, and maple sugar all contain sucrose, 
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C12H22O11. When sucrose is heated to 210 ° C., it is converted into 
carameL When treated with acids inversion occurs, resulting in 
the formation of dextrose and levulose. These sugars are isomeric; 
they have the same formula, the same molecular weight, but differ 
ill properties. 

Laciosej or milk sugar, contains water of crystallization. All the 
sugars are used as foods. 

Starch is a white amorphous substance made by plants that have 
green coloring matter. It is a good food, it finds use in the laundry, 
and in finishing cloth. With iodine it produces a blue-black color. 

Cellulose forms the framework for woody plants. It is used in 
the textile industry, for making explosives, paper, celluloid, and 
rayon. 

Dextrine is made from starch. It finds use as a mucilage and in 
calico printing. 

Gums and resins also contain carbon, hydrogen, and oxygen. 
The gums are loater soluble or at least partially so, but insoluble in 
alcohol. The reverse is true of the resins. Resins are used in the 
varnish industry. Spirit varnishes consist of shellac dissolved in 
alcohol. Turpentine varnishes consist of turpentine in which a resin 
has been dissolved. Oil varnishes are made from linseed oil or 
China wood oil and such resins as copal, amber, dammar, and 
sandarac. Rosin is used in cheap varnishes. 

A substance taken into the body that supplies to it heat, energy, 
or nourishment is termed a, food » Digestion is the process of chang- 
ing insoluble foods into soluble compounds. 

Carbohydrates, proteins, and fats or oils form the three classes of 
nutrients needed by the body. Mineral matter is also essential to 
' the body. ' 

The value of a food may be determined by the number of 
calories it yields upon oxidation, by the relative proportion of the 
three nutrients it contains, by the ease with which it is dige>sted, 
by the amount of indigestible matter, and by its liability to fer- 
ment. It must contain vitamins. 

Foods are cooked to make them more palatable, to promote 
digestion, and to destroy any bacteria that may be present. 
Baking, roasting, and boiling are all excellent methods of cookmg 
foods. 
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Bacteria f yeasts j and molds are three types of microorganisms 
that cause food to ferment or decay. They thrive at moderate 
temperature, on a moist surface, protected from sunlight, pro- 
vided they have plenty of food material. 

Foods are preserved by destroying these organisms and pre- 
venting their coming into contact with the food thus sterilized. 
The various methods include drying, canning, preserving with 
sugar , pickling, salting and smoking, cold storage, and the use of 
chemical preservatives. 

A substance mixed with a food to increase its weight or its bulk 
is termed an adulterant Chemical preservatives are often classed 
as adulterants. The adulterant used is always some cheaper 
product. 

Both disinfectants and antiseptics destroy bacteria that produce 
disease. Antiseptics are of such a nature they may be applied to 
living tissues. 

An alkaloid is a nitrogenous compound obtained from plants. 
Some alkaloids find use in medicine. 

An antidote is a substance used to counteract a poison. In case 
of poisoning give an emetic, then an antidote if possible, and follow 
with a cathartic to remove the poison from the intestines. 

QUESTIONS 
Group A 

1. What is a carbohydrate? Name at least three, giving their 
formulas. 

2. What is meant by the inversion of sugar? How is it pro- 
duced? 

3. Discuss the commercial importance of cellulose. 

4. What is meant by loading paper? By sizing paper? 

5. How would you distinguish cotton from linen? Cotton 
from wool? Wool from silk? Silk from rayon? 

6. Why should a proper menu contain all the various food 
nutrients? 

7. What purpose does each of the three nutrients serve in the 
body? 

8. What is the objection to eating raw potatoes? Raw- meats? 
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9. Outline several methods of preserving foods. Upon what 
principle is each method based? 

10. What principles are involved in the use of antidotes to 
poisons? 

Group B 

11. Why is vinegar added to a candy that is to be pulled? 
Would it do as well to start with glucose? 

12. Ho^v does “smokeless powder’’ differ from pyroxylin silk? 

13. What are the characteristics of a good varnish? How 
would you test a varnish? 

14. Why do we relish buckwheat cakes with butter and s>u'up 
more in January than in July? 

15. "Why are chemical food preservatives also good antiseptics? 

16. Give examples of several food adulterants. 


m 
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BAROMETER CORRECTIONS 

. How to Correct Barometer Readings. 1. Whm lemls 
cannot he adjusted. In collecting gases by liquid displace- 
ment, it is customary to adjust the levels if the volume of 
the gas is to be measured. Sometimes this is impossible, 
and then the reading of the barometer must be corrected, 
p. ^ * In Fig. 391a, the liquid 

^ ^ in the tube stands at the 

same height as that out- 
xr 5 side. Therefore the gas 

d is exerting the same 
^ I ^ ^ I ^ rt I Wti pressure that the air does 

outside. We know that 
' ^VsiaiaBa the pressure which the 

® b c sustains can be 

Fio, 391.- Difference oflevels. 

barometer, and that no correction is necessary. 

If we refer to Fig. 3916, we see that the pressure which 
the gas d sustains is less than the barometer reading, for 
it requires the gas pressure plus the weight of the column 
of liquid xy to equal the pressure outside. Suppose the 
gas is collected over mercury and xy is 60 mm. high. If 
the barometer reads 740 mm., then the gas pressure of d plus 
60 mm. == 740 mm. The gas d alone exerts a pressure of 
740 mm. - 60 mm., or 680 mm. In solving any problem for 
change in pressure on this gas, we would use as the original 
pressure 680 mm. If the gas had been collected over water and 
xy were a water column 68 mm. long, then we would not have 
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subtracted 68 mm, from the barometer reading/ but 68 di- 
vided by 13.6, since mercury is 13.6 times as heavy as water. 
The true pressure of the gas in such case would be 735 mm, 
(740 . 

In Fig. 391c the gas d exerts a pressure greater than that 
of the atmosphere by a column of liquid ef. In this case the 
reading as shown by the barometer must be corrected by 
adding as many millimeters as c/ measures, if the liquid is 
mercury, or the number of millimeters divided by 13.6, if 
the liquid is water. To find the correct pressure the gas 
exerts when the inside level is the higher of the two we must 
subtract from the barometer reading the length of the column 
xy if the liquid used is mercury. If the inside level is lower 
than the outside one, we must add to the barometer reading 
the length of the column ef as a correction. If the liquid 
used is water as is usually the case, the length of the water 
column divided by 13.6 (since mercury is 13.6 times as 
heavy as water) must he subtracted from ox' added to the 
barometer reading as above. 

Pkoblbm: a gas collected over mercury measures 40 c.c. when 
the mercury stands 90 mm. higher in the tube than outside; the 
temperature is 18° C., and the barometer reading 755 mm. What 
volume will the gas occupy at standard temperature and pressure? 

Solution: The barometer reading corrected for difference of 
levels equals 755 mm. less 90 mm,, or 665 mm. This is the real 
pressure upon the gas. The corrected volume is then found as 
follows: 40 c.c. X Irr X fff = 32.8 c.c. 

2. When the gas contains water vapor. When gases are 
collected over water, they will be moist because water has 
been evaporating at the same time. After a time the gas 
standing above the water becomes saturated with Tvater 
vapor. The amount of water vapor needed to saturate a 
gas depends upon the temperature. See Table 3 in Appen- 
dix A. When evaporation occurs in this manner, the vapor 
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exerts a pressure upon the liquid. Suppose we let a bottle 
of oxygen gas stand over water as in Fig. 392 until it is 
I saturated with water vapor. Suppose the temperature is 

i 26 G. and the barometer reads 775 mm. The pressure of 

I the oxygen gas plus the pressure of the water vapor (25 mm. 

as shown in Table 3) equals 775 mm. The nressure of 
the oxygen alone is equal to 
775 mm. ~ 25 mm., or 750 mm. 

Therefore, if we wish to find the 
: volume of a dry gas we must 

alwaj^s subtract from the barom- 
eter reading the pressure which 
j the water vapor exerts. 

Problem: Pour hundred c.c. of 
oxygen are collected over water. 

. The temperature is 20° C., and the 

^ barometer reads 750 mm. Find what 

volume the dry oxygen will have at 
standard temperature and pressure. 

Solution: From the table we 
4 find that at 20° C., water vapor 

! exerts a pressure equal to 17.4 mm. of mercury. Then the oxy- 

gen gas alone is exerting a pressure of 750 mm. less 17.4 mm., or 
732.6 mm. This part of the operation is generally spoken of as cor- 
recting the barometer reading for pressure due to water vapor. 
; The volume of oxygen at standard conditions may now be found by 

I using the following equation: 400 c.c. X X HI = ^^9 c.c. 

Very often a correction for both aqueous pressure and 
difference of levels is necessary as in the following problem: 

Problem: A gas collected in a tube over water measures 75 c.c. 
when the outside level is 68 mm. higher than the inner; the tem- 
perature is 20® C. and the barometer reads 757.4 mm. Find the 
volume of the dry gas at standard temperature and pressure. 

Solution: The barometer reading corrected for aqueous pres- 
sure equals 757,4 mm. — 17.4 mm., or 740 mm. The correction 



pressure of the oxygen and 
water vapor equals the pressure 
of the atmosphere. 
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to be added for difference of levels is or o mm. The Jme 
pressure of the gas is 740 mm. plus 5 mm., or 745 mm. Solving 
by the use of the laws of Boyle and Charles, 

75 cx. X yil X Ilf = new volume. The result is 69.2 c.c. 

Arrhenius” Theory Modified. As new facts are brought 
to light, theories must often be modified. For weak elec- 
trolytes the theory needs no change, but strong electrolyses 
are now believed to be practically 100% dissociated. The 
methods used to determine the degree of ionization work very 
well for weak electrolytes, but not for strong electrolytes. 

The modern view concerning acids assumes that the hydro- 
gen ion, H+, cannot exist alone in solution. The loss of an 
electron by the hydrogen atom leaves a proton particle. 
Such a small particle, positively charged, would combine 
with water to form the oxonium ion HsO"^, or 
The true positive ion consists of a molecule of the solvent 
combined with one proton. In this revised theory, an acid 
is a giver of protons^ and a base is a receiver of protons. 

What Is Meant by the pH Value? Some indicators are 
much more sensitive to acidity or to alkalinity than others. 
In order to have a definite standard, chemists now use the 
hydrogen-ion scale, which has for its unit the pH value. 
With this scale, a neutral substance such as water has a 
pH value of 7, Any acid substance has a lower pH value 
than water. For example, a substance which has an acidity 
ten times as great as that of water has a pH value of 6. A 
pH value of 5 shows a solution that is ten times as strongly 
acid as one having a pH value of 6. A pH value of 8 is used 
to represent a substance ten times as strongly alkaline as 
one with a pH value of 7. Indicators have been prepared 
that show color shades which correspond to the whole range 
of pH values. The acidity or alkalinity of a solution is 
determined by using the same indicator and matching its 
color with one in the series. That gives its pH value. 
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Abrasivesj 457, 463, 566. 

Absolute temperature, 91; curve, 
93; scale compared to Centi- 
grade, 91. 

Absolute zero, 91. 

Absorbent cotton, 615. 

Acacia, 722. 

Acetaldehyde, 696. 

Acetanilide, 739. 

Acetates, 698. 

Acetic acid, 206, 290, 697; glacial, 
698. 

Acetone, 290, 325. 

Acetylene, as a fuel, 324; prepara- 
tion, 324; stored, 325; struc- 
ture, 684, 687. 

Acetylene beacon, 326. 

Acheson, graphite, 287; portrait, 
287. 

Acid, anhydride, 208, 599, 

Acid, defined, x. 

Acids, anhydrides of, 208, 599; 
binary, 210; characteristics of, 
209; common, 207; concen- 
trated, 354; defined, 353-4; 
formed by, 104; naming of, 
210, 211; organic, 696-8; prep- 
aration of, 208; properties of, 
209; strong and weak, 354; 
ternary, 210. 

Acid salts, 401. 

Actinic rays, 549. 

Adsorption, 476. 

Adulterants, in soaps, 701-2; of 
foods, 738. 

Aeration, 132, 138; reservoir, 60. 

Affinity, chemical, 30. 

Agate, 459. 

Agent, bleaching, 64, 109, 392, 
412, 420, 518, 659; catalytic, 43, 
80, 105, 254, 256, 266, 308, 395, 


415, 652; dehydrating, 305, 399; 
emulsifying, 117; ionizing, 357; 
leavening, 301; oxidizing, 47, 
64, 109, 268, 276, 278, 392, 399, 
412, 420, 518, 644, 658, 660; re- 
ducing, 75, 292, 294, 307, 336, 
391,501,613,644. 

Air, a mixture, 224; constituents 
of, 223; liquid, 225; pressure 
of, 85, 86; weight of, 223. 

Air, liquid, 225; properties of, 
227; stored, 228; uses, 229. 

Air-conditioning, 240-1. 

Air-conditioned car, opposite 241. 

Air-condition chart, opposite 240. 

Air-slaked lime, 536. 

Alabamine, 18. 

Alabaster, 540. 

Alberene, 461. 

Albumen, 728. 

Alchemy, 5. 

Alcohol, 317, 691, 742; absolute, 
693; as a fuel, 317; butyl, 694; 
denatured, 694; ethyl, 692-3; 
grain, 692-3; methyl, 291, 308, 
691; ordinary, 692-4; solid, 
483; wood, 291, 308, 691. 

Aldehydes, 695. 

Algae, 135. 

Alkali, 18, 211. 

Alkali metals, 509. 

Alkaloids, 740. 

Allegheny metal, 610. 

Allison, 18. 

Allotropism, 64, 378, 442. 

Alloys, defined, 451; table of, vi. 

Alum, ammonium, 571; chrome, 
659; defined, 571; iron, 571; 
potassium, 571; sodium, 571, 

Aluminates, 564, 566. 

Alumino-thermics, 503. 
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Aluminum, alloys, 566; as a puri- 
fier, 565; bronze, 565; extrac- 
tion of, 496; occurrence of, 494; 
paint, 565; properties of, 564; 
uses of, 565. 

Aluminum, bronze, 565. 

Aluminum foil, opposite 421. 

Aluminum hydroxide, 567. 

Aluminum oxide, 566. 

Aluminum potassium sulfate, 571. 

Aluminum, radio active, 677. 

Aluminum silicates, 572. 

Aluminum sulfate, 572. 

Alundum, 567. 

Amalgamation process, 635. 

Amalgams, 558, 635. 

Amatol, 259. 

Amber, 723- 

Amethyst, 457. 

Ammonia, commercial, 253-4; for- 
mation of, 252; from coal, 253; 
Haber process, 254; household, 
254; in oil-bearing shales, 254; 
preparation, 252-4; prepared 
from calcium cyanamide, 256; 
properties, 257-8; uses, 259-60. 

Ammonia, aromatic spirits of, 116. 

Ammonia plant, opposite 270. 

Ammonium carbonate, 258. 

Ammonium chloride, 253, 258-9. 

Ammonium hydroxide, 258. 

Ammonium nitrate, 259. 

Ammonium nitrite, 230. 

Ammonium radical, 258. 

Ammonium salts, 258-9. 

Ammonium sulfate, 253, 259, 584. 

Amphoteric compounds, 428, 662. 

Amyl acetate, 699. 

Analysis, definition, 34; qualita- 
tive, 384. 

Anderson, 676. 

Anesthetic, 278, 686, 695. 

Anhydride, acid, 208, 599; basic, 
212, 599; of carbonic acid, 301; 
of nitric acid, 268; of phosphoric 
acid, 447; of sulfuric acid, 394; 
of sulfurous acid, 391. 


Aniline, 273, 690. 

Annealing, 465. 

Anode, 34, 349. 

Anthracene, 688. 

Anthracite, 317. 

Antichlor, 413. 

Antidote, 741. 

Antifreeze, 694. 

Anti-friction, 452. 

Antimonial lead, 452. 

Antimonite, 451. 

Antimony, alloys, 452; amphoteric 
nature, 451; occuiTence, 450; 
properties of, 450-1; uses, 452. 

Antimony black, 452. 

Antimony oxychloride, 451. 

Antimony subchloride, 451. 

Antimony sulfide, 452. 

Antimony tri-chloride, 411. 

Antiseptic, 739, 740. 

Aqua, ammonia, 211, 254; fortis, 
264; regia, 271. 

Aquadag, 287. 

Aqueous pressure, viii-ix; tables 
of, i. 

Arc process, 265. 

Argon, 223, 241 ; discovery of, 241 ; 
properties and uses, 242. 

Arithmetic, chemical, 198; volume 
relations, 202; volume and 
weight relations, 200; weight 
relations, 199, 

Arrhenius, modified, x; portrait, 
346; theory, 346. 

Arsenal, Edgewood, 410. 

Arsenate, calcium, 450; lead, 450. 

Arsenic, a poison, 449, 742; oc- 
currence, 448; preparation and 
properties, 448; uses, 449; 
white, 449. 

Arsenious oxide, 449, 

Arsine, 449. 

Artificial ice, 260, 393. 

Artificial silk, 272, 720-2. 

Asbestos, 461, 548; mine, 548. 

Aseptic, 740, 

Asphalt, 688. 
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Aspirin, 739. 

Association, of molecules, 278, 347, 
;'/,407. 

Atmosphere, , 223 ; constituents of, 
223-4; pressure of, 85. 

Atom, modem, 675. 

Atomic arc, 77. 

Atomic " disintegration, 674. 

Atomic energy, 677. 

Atomic hydrogen, 77. 

Atomic numbers, 181.'^ 

Atomic theory, 154. 

Atomic weights, 155. 

Atoms, as units, 27; contrasted 
with ions, 347; electronic con- 
ception of, 28-30, 183-5; in 
elementary gases, 167-9. 
Atropine, 741. 

Audion tube, 28. 

Auric chloride, 635-6. 

Autoclave, 257. 

Automatic, sprinkler, 453; stoker, 
337, 

Avogadro, law of, 166; portrait, 
167. 

Azurite, 625. 

'Babbitt metal, 452. 

Bacteria, in foods, 734; in soils, 
234; ' in water, 131. 

: Bahelite, 725, 737. ■ 

Baking powder, 303, 517, 

Baking soda, 517. 

Balance, chemical,, 56. ' 

Balloons, 78.'' 

Barium, 528. 

Barium chloride; 401., ' : : 

Barium chromate, 660. 

Barium nitrate, 543. 

Barium peroxide, 108, 543. ■ 
Barium sulfate, 542, 653. 
Barometer, 85-6; corrected for 
levels, 751-2; corrected for va- 
por, viii. 

Bar3rtes, 653. 

Base, 18, 71;, anhydride of, 212, 
599; characteristics of, 212-13; 
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common, 21 1 ; defined, 355 ; 
insoluble, 212; ionization of, 
355; naming of, 213; prepara- 
tion of, 212; strong and weak, 

355. 

Basic, carbonate, 648; salts, 479. 
Bauxite, 494, 496. 

Beacons, acetylene, 326; traffic, 

326. 

Becquerei, 667; rays, 668. 
Becquerel rays, nature of, 671. 

Bed rock, 577. 

Beer, 692. 

Beet sugar, 707. 

Benzaldehyde, 696. 

Benzene, 687-8; ring, 688. 
Benzine, 680, 683. 

Benzol, 687-8. 

Beri-beri, 729. 

Bergius process, 683. 

Berry, E. R., 458. : 

Berthoilet, laws of, 367; portrait, 
367. 

Berzelius, portrait, 156. 

Bessemer, 597; his problems, 599. 
Bessemer process, 697. 

Beverages, carbonated, 301. 
Bi-chloride of mercury, 740. 
Biaaiy compound, 47, 210. 
Binoxalates, 698- 
Birkeland and Eyde process, 265. 
Bismuth, 440, 453. 

Bismuth oxychloride, 453, 

Bismuth sub-nitrate, 453, 
Bi-sulfate of sodium, 401. 

Black, Joseph, 236. 

Black lead, 289. 

Blast furnace, 499-500. 

Blasting gelatine, 274. 

Bleaching, 392, 413. 

Bleaching powder, 412, 542. 
Blooms, 595. 

Blowpipe, oxy-acetyiene, 62, 326; 

oxy-hydrogen, 61. 

Blue, Prussian, 616, 653; Turn- 
bulFs, 615. 

Blue prints, 616. 
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Alummut 
fier, 56 
tion of j 
paint, 
uses of 
AltiminuJ 
Aluminui 
Alummti: 
Aluminu: 
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Aluminti 
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Amalgar 
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Bluestone, 629. 

Bolur theory, 29. 

Boiler scale, 146. 

Boiling, 132, 140. 

Boiling point, of electrolytes, 345; 
of solutions, 120. 

Boneblack, 283; manufacture and 
uses, 294. 

Bone, ground, 446. 

Borax, 147, 563, 736; bead test, 
664. 

Bordeaux mixture, 629. 

Boric acid, 562. 

Bornite, 625. 

Boron, 562. 

Bottles, blown, 466; machine, 467. 
Boyle, Robert, law of, 87-8; por- 
trait, 87. 

Brass, 554, 629. 

Brick, fire, 572; vitrified, 572. 
Brimstone, 378. 

Britannia metal, 452. 

British thermal unit, 314. 
Bromacetone, 421. 

Bromides, 420-1. 

Bromine, chemical behavior, 420* 
occurrence, 419; preparation 
and properties, 419-20; use.s, 
420. ' 

Bromine water, 420. 

Bronze, 554, 629, 643. 

Brownian movement, 476. 

Bunsen, burner, 330; portrait, 
331; spectroscope, 525. 

Buoyancy, 78. 

Burner, Bunsen, 330; flame of 
331-2. 

Burning, explained, 49-50; phlo- 
giston theory of, 48. 

Butane, 684. 

Butter, 703; process, 703; reno- 
vated, 703. 

Butterine, 704. 

Butyl alcohol, 692, 694. 

Butyric acid, 703. 

By-product, 515. 


Cadmium, 547, 556. ■r ■ 
Cadmium sulfide, 556. 

Caffeine, 741.. 

Cailletet,' 225.., „ 

Calcite, 530v 

Calcium, 528;, extracted, 528.' , 
Calcium bi-carbonate, 145 . 
Calcium .bi-sulfite,' 542, 7lk ' . ■ 
Calcium carbide, 285, 542. * 
Calcium carbonate, ,145, 529, 653 
Calcium cMoride, 75, 126, 542. 
Calcium cyanamide, 257, 286, 58 
585. 

Calcium fluoride, 407. 

Calcium hydroxide, 636. 

Calcium nitrate, 584. 

Calcium oxide, 534. 

Calcium phosphate, 441, 542. 

Calcium polysulfides, 382. 

Calcium sulfate, 539, 680, 653. 
Calcium^ superphosphate, 447. 
Calculations, chemical, 198-200 
Calomel, 558. 

Calorie, 102, 313-4, 

Calorimeter, 313. 

Camphor, 723. 

Candle, 333. 

Canning, 736. 

Capacity, 239. 

Capric acid, 704. 

Caproic acid, 704. 

Caprylic acid, 704. 

Caramel, 708. 

Carat, 283, 637. 

Carbides, 286, 462, 542, 593 
Carbogen, 303, 

Carbohydrate, 707, 728. 

CarboHc acid, 274, 695, 740, 742 ' 
Carboloy, 618. 

Carbon, allotropic forms, 28‘^* 
amorphous, 283; a reducing 
agent, 292; family, 456; oc- 
currence, 282; oxides of, 297- 
308. 

Carbonates, 298, 493; basic, 492- 
solubility of, 493; test for, 298. 
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Carbon dioxide, cycle, 237 ; de- 
creased by, 239; in combustion 
, products, 55, 315; . increased by, 
236; occurrence, 236; prepara- 
tion of, 297-9; properties of, 
299; uses of, 300-3. 

Carbon disulfide, 285, 385. 

Carbon, gas, 295. 

Carbonic acid, 104, 298; anhy- 
dride of, 300. 

■ Carbon monoxide, chemical be- 
, havior, 306; occurrence, 55, 
‘■^04; preparation, 305; prop- 
dies, 306; uses, 307. 

Hon tetrachloride, 44, 690. 
Carborundum, 285-6, 462. 
Carboxyl, 696. 

Carburetor, 53, 

Carmine, 653. 

Camallite, 548. 

Carnelian, 459. 

Camotite, 663, 

Carrier, 278. 

Case hardening, 596, 607. 

Casein, 728. 

Cashmere, 719. 

Cassiterite, 640. 

Cast iron, composition, 593; gray, 
594; properties, 594; uses, 594; 
white, 594. 

Catal 3 rtic agents, 43, 80, 105, 254, 
256, 266, 308, 395, 415, 652. 
Cathode, 34, 349. 

Caustic, lunar, 632. 

Caustic potash, 213, 522. 

Caustic soda, 71, 213, 513. 
Cavendish, Henry, portrait, 70. 
Caves, 533. 

Cell, Nelson, 408-9. 

Celluloid, 272, 725, 727. 

Cellulose, 712. : 

Cellulose acetate, 723, 725, 727. 
Cellulose hexa-nitrate, 273. 
Cellulose nitrate, 723. 

Cement, hydraulic, 538; natural, 
538; nature of, 537-9. 
Cementite, 593. 


Cerium, 665. 

Cerium, alloy of, 665. 

Cerium nitrate, 665. 

Cerium oxide, 666. 

Chadwick, 676. 

Chalcedony, 459. 

Chalcocite, 625. 

Chalcopyrite, 625. 

Chalk, 532; French, 461; precip- 
itated, 532. 

Chamber, decompression, 246. 

Chamber process, 396-8. 

Charcoal, 283; activated, 291; 
animal, 294; how made, 290; 
reducing agent, 292; tree, 289; 
uses, 292. 

Charles, 91; la.w of, 92, 303. 

Chemical arithmetic, volume rela- 
tions, 202; volume and weight 
relations, 200; weight relations, 
199. 

Chemical changes, 31-2. 

Chemicals, analyzed, 124. 

Chemistry, defined, 32; impor- 
tance of, 1-4; organic, 678. 

China, 574. 

Chinese wood oil, 652, 723. 

Chlorates, 522-3. 

Chloric acid, 210-11. 

Chlorides, 230, 253, 271, 418; of 
lime, 740; solubility of, 493; 
test for, 419. 

Chlorine, as a germicide, 142, 411, 
738; chemical behavior, 411; 
nascent, 271; occurrence, 408; 
preparation, 408; properties, 
410; uses, 142, 271, 412-15, 
579,635. 

Chlorine water, 412. 

Chloroform, 414, 689. 

Chlorous acid, 211, 

Chlor-picrin, 415. 

Chior-platinic acid, 662. 

Chromates, barium, 660; lead, 
660; potassium, 660; zinc, 660. 

Chrome alum, 659. 

Chrome green, 653, 660. 
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Chrome leather, 661. 

Chrome yellow, 649, 663. 

Chromic acid, 660. 

Chromic anhydride, 660, 

Chromic hydroxide, 661. 

Chromic salts, 669. 

Chromite, 659. 

Chromium, acid-forming, 660; 
base-forming, 660; compounds, 
659. 

Chromium steel, 609. 
Chromium-nickel steel, 609. 
Chromium-vanadium steel, 610. 
Chromous salts, 659. 

Cinnabar, 556. 

Citric acid, 698. 

Claude process, 256. 

Clay, 461, 572. 

Cleaning, 702. 

Coagulum, 133. 

Coal, bituminous, 316-17; hard, 
317; products of, 321. 

Coal gas, 292. 

Coal tar, 292. 

Coal-tar colors, 739. 

Cobalt, 591, 618. 

Cobalt blue, 653. 

Cobalt chloride, 618. 

Cobalt nitrate, 619. 

Cobalt oxide, 619. 

Cocaine, 741. 

Codeine, 741. 

Coins, 631, 637. 

Coke, 283, 317; manufactured by, 

292- 3; properties of, 293; uses, 

293- 4. 

Cold, 141. 

Cold storage, 261. 

Colemanite, 562. 

Collodion, 274. 

Colloids, 121, 473; adsorption by, 
476; importance of, 480-1; 
kinds of, 480; nature of, 476; 
precipitation of, 478; protec- 
tive, 479; reversible, 476; rela- 
tion to life, 487-8; stabilized, 
479. 


Combining weights, 152-3. 

Combustion, definition, 47; in gas 
engines, 54; products of, 54; 
spontaneous, 54; supporter of' 
51; weight changes during, 55.' 

Composition, 33; percentage, 159 

Compounds, addition, 686; car- 
bon, 678; character of, 22; 
contrasted with mixture, 22; 
formulas of, 30; how formed' 
30, 182; of nitrogen, 232, 235; 
organic, 678; polar and non- 
polar, 358; stability, 424; sub- 
stitution, 689; unsaturated, 
686 . 

Concentration, of ores, 485. 

Concrete, 457; atomizer, 541; re- 
inforced, 539-41. 

Conservation, of energy, 12; of 
matter, 56. 

Contact process, 395. 

Converter, Bessemer, 597. 

Copal, 723. 

Copper, blister, 626; compounds 
of, 629; eleetrolvxsis of, 627; 
extraction of, 625;'^ matter, 626; 
occurrence, 624-5; poling, 627; 
properties of, 627; uses of, 629. 

Copperas, 615. 

Copper oxide, 75, 627, 629. 

Copper sulfate, 142, 292, 629. 

Copper sulfide, 629, 

Coquina, 532. 

Coral, 532. 

Corrosion, 611. 

Corrosive sublimate, 558. 

Corundum, 566. 

Cotton, 714; mercerized, 718; 
styptic, 615. ^ 

Cottrell, 483; precipitator, 483. 

Coximarin, 737. 

Counter currents, 396. 

Co-valence, 188, 358. 

Cracking process, 682. 

Cream of tartar, 303, 517 

Cresol, 695, 737. 

Crisco, 81. 
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^ Gmcible steel, 596. 

i Crude oil, 680. 

j Cryolite, 496-7. 

I Crystallization, fractional, 123; 

importance of, 121-2; water of, 

■ 125. 

Crystalloid, 121, 473. 

Crystals, plate of, 122; structure 
of, 359-60. 

Crystolon, 463. 

Cupellation process, 630. 

Cupels, 630. 

Cupric oxide, 628. 

Cuprous oxide, 629. 

Curie, Mme., 667; portrait, 668. 
Curve, direct proportion, 93; in- 
verse proportion, 88. 
Cyanamide process, 256. 
Cyanides, hydrogen, 308; po- 
tassium, 309; radical, 309; 
sodium, 309. 
j Cyanogen, 308. 

i Cycle, carbon dioxide, 237-8; 

nitrogen, 232. 

Dakin’s solution, 740. 

Dalen, 327. 

Dalton, laws, 23, 155; portrait, 23. 
Dammar, 723. 

Davy, portrait, 509; w’-ork, 277, 
519, 529. 

Decaiso, 147. 

Decane, 682, 

Decay, 68. 

Decomposition, 34. 

Decrepitation, 123. 

Definite proportions, law of, 154, 
157. 

Dehydi-ation, 106, 125, 736. 

, Deliquescence, ^126. 

Denatured alcohol, 694. 

Density, 89; effect of pressure, 90. 
i Desiccator, 127. 

j Destructive distillation, of bones, 

j 294; of coal, 295; of wood, 290. 

I Detonation, 273. 

I 
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Detonator, 275. 

Deuterium, 73. 

Developer, 633. 

Dewar, 225; flask, 228. 

Dew point, 239. 

Dextrine, 712. 

Dextrose, 708-9. 

Dialysis, 475. 

Diamond, 282-3; for saw teeth, 
284; uses, 283-4. 

Diastase, 692. 

Diatomaceous earth, 460. 
Diatoms, 460. 

Dibasic acid, 401. 

Di-chlor-ethyl sulfide, 416, 
Dichromates, 660. 

Difference of levels, vii. 

Diffusion, of light, 474. 

Diluent, 652. 

Diphenyl-chlor-arsine, 450. 
Disinfectant, 392, 414, 739. 
Disintegration, 674. 

Displacement, 359. 

Dissociation, 347; of copper sul- 
fate, 349; of sodium chloride, 
347. 

Distillation, 142-3; fractional, 
144, 680; of bones, 294; of 
coal, 293; of wood, 290. 
Dobereiner, 428. 

Dolomite, 547. 

Double salts, 571. 

Draft, forced, 338. 

Driers, 652, 658. 

Drummond, 62. 

Dry cell, 295-6. 

Dry ice, 303. 

Dumas, 107, 156. 

Dunning, 677. 

Duralumin, 566. 

Duriron,610. 

Duro, 147. 

Dyeing, 569. 

Dyes, acid, 570; basiq 570; in 
digo, 570. 

Dynamite, 273. 
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Earth, diatomaceous, 460; in- 
fusorial, 460. 

Earthenware, 572. .. 

Edgewood arsenal, 410. 

Effect, common ion, 370. 

Effervescence, 119, 298. 

EfBlorescence, 126. 

Electric furnace, 285““6, 462. 

Electricity, 32. 

Electrode, 34, 349. 

Electrolysis, 34; explained by 
ionic theory, 349-50; of bauxite, 
495-7; of sodium chloride, 408; 
of water, 34. 

Electrolyte, activity, 346, 352; 
effect on conductivity, 345; ef- 
fect on freezing point and boil- 
ing point, 345. 

Electromotive series, 505; table, 
76. 

Electron, 28; concept of theory, 
183-5; planetary, 29; valence, 
184. 

Electroscope, 669. 

Electro-silicon, 460. 

Elements, classification of, 428; 
defined, 15, 16; distribution of, 
17; families of, 428; names of, 
18; needed by plants, 579; 
number of, 17; symbols of, 19. 

Emery, 566. 

Emetine, 741. 

Emulsion, 117. 

Enamels, 563. 

End-reactions, 366-7. 

Energy, atomic, 675; chemical, 
12; conservation of, 12; de- 
fined, 12; electrical, 12; heat, 
12; kinds of, 12; kinetic, 12; 
light, 12; mechanical, 12; po- 
tential, 12. 

Enzyme, 692. 

Epsom salts, 551, 

Equations, balancing, 194-8; de- 
fined, 193; explained, 193-4; 
formula, 34; how to read, 34; 
how to write, 194-8; word, 34. 


Equilibrium, chemical, 364-5; 
ionic, 364; physical,. 363. 

Esters, 698. 

Etching, 407. 

Ethane, 685. 

Ethanol,' 317; a narcotic, 693: 
physiological effect of, 693; 
properties and uses, 693. 

Ether, 695. 

Ethereal salts, 698. 

Ethyl acetate, 698. 

Ethyl alcohol, 317, 692-3. 

Ethyl butyrate, 699. 

Ethylene, 684, 686. 

Ethylene bromide, 420. 

Ethylene glycol, 695. 

Explosion, 52-3; of gases, 328. 

Explosives, amatol, 259; am- 
monium nitrate, 259; blasting 
gelatine, 274; dynamite, 273 
fulminate of mercury, 275 
gunpowder, 272; lyddite, 274 
mellinite, 274; nitroglycerine, 
272; picric acid, 274; smoke- 
less powder, 273-4; tri-nitro- 
toluol, 274. 

Extenders, 653. 

Extinguishers, 300-1, 690. 

Extinguishing fires, 53. 

Extraction, of metals, 491. 

Extracts, 694. 

Extrusion, 645. 

Fabricoid, 728. 

Families of elements, alkaline 
earth, 528; aluminimi, 562; 
calcium, 528; copper, 624; halo- 
gens, 406; iron, 591; magne- 
sium, 547; nitrogen, 440; 
sodium, 509; tin and lead, 640. 

Faraday, portrait, 226; work, 225. 

Fats, 699, 700, 728. 

Feldspar, 461, 572. 

Fermentation, 302; acetic acid, 
692; vinous, 691. 

Ferric ammonium citrate, 616. 

Ferric chloride, 613. 
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Ferric hydroxide,' 616. 

Ferric oxide, 613. 

Ferric tannate, 616. 

FerricyaEides, 615. 

Ferrochromitim, 659. 

Ferrocyanides, 616. 

Ferromangaiiese, 598-9, 657. 

Ferroso-ferric oxide, 61 k 

Ferrous chloride, 613. 

Ferrous oxide, 613. 

Ferrous sulfate, 272, 615. 

Ferrous tannate, 615. 

Fertilizers, 233, 444; analysis of, 
582; complete, 582; nitrogen, 
583; partial, 581; phosphorus, 
586; potassium, 587. 

Filler, 653, 702. 

Films, safety, 727. 

Filter, Berkefeld, 137; mechanical, 
136; Pasteur, 137; slow sand, 
135. 

Filtration, mechanical, 136; natu- 
ral, 135; slow sand, 135. 

Fire brick, 572. 

Fire-damp, 319, 686. 

Firefoam, 483-4. 

Fires, extinguishing, 53, 483-4. 

Fixation, of nitrogen, 235. 

Fixing, 633. 

Flame, acetylene, 325; Bunsen, 
330; candle, 333; defined, 329; 
gas jet, 332; gas stove, 333; 
luminous and non-luminous, 
332; oxidizing, 332; reducing, 
332. 

Flame tests, 523-4. 

Flammability, 56. 

Flashlight bulbs, 565. 

Flashlight powders, 549. 

Flint, 459. 

Flotation, of ores, 487. 

Fluorescence, 669. 

Fluoride, calcium, 407. 

Fluoride, hydrogen, 407. 

Fluoride, potassium acid, 407. 

Fluorine, 406. 

Fluorite, 406. 


Flux, purpose of, 499, 501. 

Foamite, 483-4. 

Foods, adulterants in,. 738; classi- 
fication of, 728; coloring of, 739; 
cooking of, 733; decay of, 734- 
5; definition of, 728; dehydra- 
tion of, 736; preservation of, 
735; value of, 732; vitamins 
in, 730-1. 

Formaldehyde, 661, 696, 738-9. 

Formalin, 696. 

Formates, 696. 

Formic acid, 696. 

Formula, 30, 157; correct, 173; of 
elementary gases, 167-8; sim- 
plest, 160; structural, 685. 

Fractional distillation, 144, 680. 

Franklinite, 551. 

Frasch, 375; process, 375. 

Freezing, 132, 141. 

Freezing point, of electrolytes, 345; 
of solutions, 120. 

French chalk, 461. 

Froth flotation, 487. 

Fructose, 707, 710. 

Fuels, choice of, 312; combustion 
products of, 54, 315; composi- 
tion of, 314; defined, 312, 683; 
gaseous, 319; liquid, 317; solid, 
315. 

FttUePs earth, 572. 

Fulminate of mercury, 275. 

Furnace, blast, 498; electric, 
285-6, 462, 604; open-hearth, 
600; ordinary, 334-5; regen- 
erative, 600; reverberatory, 595. 

Fusible alloys, 453. 

Galena, 644. 

Galileo, 85. 

Gallium, 434. 

Galvanizing, 553. 

Gangue, 485. 

Garbage, disposal, 233. 

Garnets, 461. 

Gas carbon, 297. 

Gas engine, 54. 
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Gas, mustard, 416. 

Gas stove, 246. 

Gases, acetylene, 324; blast fur- 
nace, 501; coal, 320; composi- 
tion of, 329; correction of vol- 
umes, 84-95; explosive range, 
328; measurement of, 84, 86; 
natural, 684; pressure upon, 
86-90; producer, 322; rare, 
246; temperature upon, 90-4; 
water, 323. 

Gasoline, 318, 680, 683. 
Gay-Lussac, law of, 165; por- 
trait, 166. 

Geber, 5. 

Gel, 476. 

Gelatine, 728. 

Gelatine, blasting, 275. 

German silver, 554, 629. 

Gin, 692. 

Glass, coloring of, 469; composi- 
tion of, 464-5; cut, 466; du- 
plate, 469; etching of, 407; 
flint, 468; hard, 467; kinds of, 
466-8; manufacture of, 464-6; 
plate, 465; pyrex, 467; rein- 
forced, 468; triplex, 469; water, 
461; window, 464; wire, 468. 
Glass mirror, opposite 467. 
Glauber’s salt, 512. 

Glauconite, 588. 

Glucose, 707, 709. 

Gluten, 728. 

Glycerine, 400, 695. 

Glycerol, 695. 

Glyceryl nitrate, 699. 

Gold, compounds of, 636; ex- 
traction, 635; occurrence, 635; 
ores, 635; properties and uses, 
636. 

Goldschmidt process, 503. 
Goodyear, 380. 

Graham, 475. 

Gram, 11. 

Gram molecular volume, 170. 
Gram molecular weight, 170. 
Granite, 461. 


Grape sugar, 707, 709. 

Graphite, Achesoii, 287; a form 
of,' carbon, 286; artificial, 285; 
deflocculated, 287; uses, 287-9. 

Gravity, specific, 101. 

Gredag, 287. 

Greensands, 588. 

Guano, 233, 446. 

Gums, acacia, 722; cherry, 722; 
tragacanth, 722. 

Gunpowder, 272. 

Gusher, 680. 

Guttapercha, 725. 

Gypsum, 539, 653. 

Haber process, 231. 

Hall, portrait, 496; process, 496~S. 

Halogen, defined, 406; family, 
406. 

Hard water, permanent, 145; 
softeners, 147; temporary, 145; 
undesirable, 146. 

Hare, portrait, 61; work, 61, 529- 

Heat, 32; formation, 424; of 
neutralization, 366; specific, 
101 - 2 . 

Heavy hydrogen, 73. 

Heavy water, 73, 105. 

Helium, 243; discovery of, 243; 
preparation, 243; properties 
and uses, 244-5; stored, 244; 
transported, 245. 

Hematite, 591. 

Hemp, 718. 

Henri, Victor, 139. 

Henry’s law, 119. 

Heptane, 682. 

Hexamethyleneamine, 292. 

Hexyl-resorcinol, 740. 

Homolog, 686. 

Hooiamite, 59. 

Hopcalite, 307, 619. 

Hopkins, portrait, 19. 

Humidity, absolute, 239; relative; 
239. 

Htunus, 579. 

Hydrate, 104, 213. 
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Hydration, 105. 

Hydride, 74. 

Hydriodic add, 423. 

Hydrobromic add, 422. 
Hydrocarbon, 315, 684, 688; sub- 
stitution products, 689; un- 
saturated, 686. 

HydrocMoric add, 413; chemical 
behavior, 416; preparation, 416; 
properties, 416; uses, 417. 
Hydrocyanic acid, 308, 519, 742. 
Hydrofluoric acid, 407- 
Hydrogen, atomic, 77; chemical 
behavior, 73; occurrence, 69; 
preparation, 69-71 ; properties, 
72; test for, 76; uses, 77, 579. 
Hydrogenation, 80; of petroleum, 
682. 

Hydrogen bromide, 421. 

Hydrogen chloride, 74, 413. 
Hydrogen cyanide, 308. 

Hydrogen fluoride, 407. 

Hydrogen iodide, 423. 

Hydrogen peroxide, 108, 740. 
Hydrogen sulfide, action with 
metals, 384; an acid, 383; 
chemical action, 383; occur- 
rence, 382; preparation, 382; 
properties, 382 ; reducing agent, 
383; uses, 384. 

Hydrolysis, 370-2. 

Hy drone, 74. 

Hydro-sulfuric acid, 383. 
Hydroxides, 103, 492; ammo- 
nium, 253; calcium, 211, 253; 
magnesium, 211; potassium, 
211, 522; sodium, 211, 612. 
Hygrodeih, 240. 

Hygroscopic, 126. 

: Hypochlorites, 413; 
Hypochiorous acid, 413,, 542. ■ 
Hypophosphorous acid, 448. 

Ice, artificial, 260. 

/' Iceland spar,. 530., 

: Illinium, 18-19. ., , , . 
liiuminating gases, 319-23. 


Illumination, 80, 332-3. 

Ilmenite, 664. 

Impenetrability, 9. 

Impurities, in w^ater, 130-1 . 

Indian red, 613. 

Indicators, 210. 

Infusorial earth, 460. 

Ingots, 602. 

Ink, invisible, 618; iron, 615; 

sympathetic, 618. 

Insecticide, 385, 449, 649. 

Invar, 609. 

Inversion, 709. 

Invisible inks, 618. 

Iodides, 423. 

Iodine, chemical behavior, 422; 
occurrence, 422; poisonous, 742; 
preparation, 422; properties, 
422; test for, 423; tincture, 422; 
uses, 109, 423, 740. 

Iodoform, 689. 

Ionization, degree of, 356; de- 
scribed, 354; factors afecting, 
356; of acids, 353-4; of bases, 
355; theory of, 346. 

Ions, and atoms, 348; common, 
370; defined, 348; in crystals, 
360. 

Ipecac, 741. 

Iridium, 663. 

Iron, action with steam, 71; car- 
bide, 593; cast, 591; corrosion 
of, 611; extraction of, 498; 
family, 591; oxides of, 613; 
properties of, 611; Bussia, 613; 
tests for, 594, 615-16. 

Iron, galvanized, 553. 

Iron, Parkerized, 613. 

Iron sulfide, 382. 

Isomerism, 710. 

Iso-octane, 687. 

Isoprene, 511. 

Isotopes, 436-7. 

Jasper, 459. 

Javelle water, 413. 

Jute, 718. 
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Kaolin, 572, 653. 

Kekule, 687. 

Kelp, 687, 

Kelvin, Lord, 91. 

Kerosene, 318, 680, 683. 

Kiln, pottery, 573; rotary, 636; 

vertical, 536. 

KUograni, 11. 

Kindling temperature, 51. 

Kinetic energy, 12. 

Kinetic theory, 27. 

Kirchhoff, 525. 

Krypton, 246. 

Laharraque’s solution, 413. 

Lac, 721. . 

Lacquers, 272; modern, 723; 

spraying, 724. 

Lactose, 707, 709. 

Lake, 569, 

Lampblack, 283, 294-5. 

Land plaster, 541. 

Langmuir, 28, 77. 

Lanolin, 719. 

Lapis lazuli, 572. 

Latex, 725. 

Laudanum, 741. 

Laundering, 702. 

Lavoisier, 49; portrait, 49; with 
Berthollet, 367. 

Laws, Avogadro, 166; Berthollet, 
367; Boyle, 87-8; Charles, 92, 
302; conservation of energy, 
12; conservation of matter, 56; 
definite proportions, 22; Gay- 
Lussac, 165; Henry, 119; mass 
action, 370; multiple propor- 
tions, 109; octaves, 429; peri- 
odic, 429-36. 

Lead, extraction of, 644; occur- 
rence, 644; oxides of, 646; prop- 
erties and uses, 645; red, 646, 
’ 653; sublimed, 650; white, 648. 

Lead acetate, 649. 

Lead arsenate, 450, 649. 

Lead carbonate, basic, 648. 

Lead chromate, 649. 


Lead dioxide, 646. ^ 

Lead monoxide, 646. 

Lead salts, 742. 

Lead, tetra-ethyl, 420, 689. 

Leather, 661. 

LeBlanc process, 514. 

Legumin, 728. 

Levels, adjusted, vii. 

Levulose, 708, 710. 

Lewis, G. N., 358. . 

Light, aids action, 32; as a puri- 
fier, 132, 138. 

Lighthouses, 327. 

Lignite, 316. 

Lime, air-slaked, 535; chloride oi, 
412; hydrated, 535; milk of, 5^ ; 
mortar, 457, 537; properties, 
530-5; quick-, 530; slaked, 635. 
Lime light, 62. 

Limestone, 300, 514, 529. 
Limestone sinks, 533. 

Lime sulfur, 381. 

Lime water, 536. 

Liming, 536, 581. 

Limonite, 591. 

Linen, 714. 

Linseed oil, 651. 

Liquefaction, 225. 

Liquid air, manufacture of, 228; 
properties and uses, 225"7; 
stored, 228; temperature of, 
■227-8,' 

Liquors, fermented, 692; distilled. 
Liter, 11. 

Litharge, 646, 653. 

Lithium, 509. 

Lithopone, 543, 650. 

Litmus, 210. 

Loam, 579. 

Lockyer, 243. 

Los Angeles, The, 78-9, 244, 566. 
Lubricant, 683. 

Lunar caustic, 632. 

Lungmotor, 60. 

Lyddite, 274. 

Lve. 71. 513. 
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Magnalitun, 549, 566. 

Magnesia, 550;. alba, 550; 85%, 
550; milk of, 550. 

Magnesite, 550. 

Magnesium, eompoiinds, 550; ex- 
traction, 548 ; occurrence, 547 ; 
properties and uses, 549-50, 
579. 

Magnesium carbonate, 550. 
Magnesium cMoride, 550. 
Magnesium bydroxide, 550. 
Magnesium nitride, 231. 
Magnesium sulfate, 547, 551, 
Magnetite, 591. 

Malachite, 625. 

Maltose, 707, 709. 

Manganates, 658. 

Manganese, 579, 594; acid-form- 
ing, 658; base-forming, 657. 
Manganese chloride, 658. 
Manganese dioxide, 42, 657. 
Manganese steel, 610. 

Manganic acid, 658. , 

Manganic compounds, 657. 
Manganous compounds, 657-8. , 
Mantle, gas, 334; Welsbach, 327, 
334, 665. , 

Mantle rock, 577. 

Maple sugar, 707. ■ 

Marble, quarrying, 530-1; saw- 
. ing, 285.' ■ 

Margarine, 81, 704.: * :■ 

Marl, 581. 

; Marsh gas, 685. ' , , 

Martin process, 600. 

■ Mask, gas,: 291. , _ 

Massaction, illustrated, 451; law 

of, 370. 

Matches, friction, 444; making 
of, 445-6; safety, 444. 
Material, incombustible, 56. 
Matte, 628- 

Matter, changes in, 31 ; conserva- 
tion of, 56; defined, 8; incom- 
bustible, 56; measurement of, 
10; nature of, 26; states of, 9; 
theory of, 27. 


Mauve, 569. 

Measurement, of gases, 84-6; 

metric system, 10. , 

Mellinite, 274. 

Mendelejeff, law, 429; ■ portrait, 

429. 

Mercerized cotton, 720. 

Mercuric chloride, 588, 644, 740. 
Mercuric oxide, 41, ,558. 

Mercuric sulfide, 558. 

Mercurochrome, 109, 559, 740. 

Mercurous chloride, 558, 644. 

Mercury, chemical properties, 

557; compounds, 558; prop- 
erties and uses, 557. 

Mercury fulminate, 275. 

Metal coatings, 612. 

Metalloid, 18. 

Metallurgy, 494. 

Metals, nature of , 1 7 ; occurrence 
of, 491-4; replacement of, 76; 
self-protective, 552. 

Metaphosphoric acid, 448. 

Metasilicic acid, 460. 

Metastannic acid, 644. 

Metathesis, 36. 

Meter, 10. 

Methane, 319, 685. 

Methanol, 80, 290, 308, 317, 691; 

properties and uses, 691. 

Methyl alcohol, 691. 

Methyl chloride, 689. 

Methyl salicylate, 699. 

Methyl violet, 740. 

Methylene blue, 740. 

Metric system, 10, 

Meyer, 429. 

Mica, 416.\ 

Milk, 729; sour, 709. 

Milk sugar, 709. 

Mineral, 494, , , 

Mining, hydraulic, 636. 

Mming shaft, 593. 

Minium, 646. 

Miscibility, 117. 

Mixture, characteristics of, 20-2. : 

Mohair, 719. I 
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Moissan, 283, 407. 

Molasses, 708. 

Molds, 734. 

Mole, defined, 169; space oc- 
cupied, 170. 

Molecular weights, soluble com- 
pounds, 172; volatile com- 
pounds, 171. 

Molecules, 26-7; of elementary 
gases, 167-8. 

Molybdenum, 502, 663. 
Molybdenum steel, 610. 

Monel metal, 617. 

Mono-basic acid, 402. 
Mono-chlor-methane, 689. 
Mordant, 568. 

Morley, 106; portrait, 106. 
Morphine, 742. 

Mortar, 457; cement, 537; lime, 
537. 

Moseley, atomic numbers, 181, 
435; portrait, 182. 

Moth balls, 688. 

Muck, 579. 

Multiple proportions, law of, 109. 
Muscle Shoals, 250, 266. 

Mustard gas, 416, 686. 

Myosin, 728. 

Naphtha, 680, 683. 

Naphthalene, 684, 688. 

Narcotic, 693. 

Nascent, chlorine, 271; oxygen, 
399. 

Nascent state, 109. 

Natural gas, 685. 

Negative, 633-4. 

Nelson cell, 408. 

Neon, 246-7; tubes, 247. 
Neutralization, 213, 355. 

Neutron, 676. 

Newiands, 429. 

New skin, 274. 

Nichrome, 617, 659. 

Nickel, 591, 616; alloys, 617; 

compounds, 617; uses, 617. 
Nickel-chromium steel, 609. 


Nickel silver, 554. 

Nickel steel, 609. 

Nickelous ammonium sulfate, 618. 
Nicotine, 741-2. 

Niton, 674. 

NitraUoy steel, 610. 

Nitrates, 235, 264-5, 270; solu- 
bility of, 494; test for, 271. 
Nitric acid, chemical behavior, 
267-70; fuming, 268; on metals, 
269, 270; oxidizing agent, 268; 
preparation, 264-6; properties, 
267; uses, 271-2. 

Nitric anhydride, 268, 276. 

Nitric oxide, 231, 277-8. 

Nitrides, 231. 

Nitrification, 235. 

Nitrites, 230, 275. 

Nitrobenzol, 271, 690. 
Nitrocellulose, 231, 273. 

Nitrogen, chemical behavior, 231 ; 
compounds of, 232; cycle, 232; 
fixation, 235; oxides of, 275-6; 
preparation and properties of, 
229-30; test for, 231; uses of, 
231. 

Nitrogen dioxide, 276. 

Nitrogen family, 4*40. 

Nitrogen fertilizers, 231-5, 583. 
Nitrogen-fiixing bacteria, 234. 
Nitrogen pentoxide, 276. 

Nitrogefi peroxide, 276, 278. 
Nitrogen trioxide, 275, 
Nitroglycerine, 231, 272, 400, 699. 
Nitro-starch, 712. ^ 

Nitrous acid, 275. ^ 

Nitrous oxide, 276-7. 

Nobel, 273. 

Non-electrolytes, 346. 
Non-metals, 17. 

Norbide, 563. 

Normal salts, 402. 

Normal solutions, 213-14. 
Numbers, atomic, 18, 435. 

Nut margarine, 81, 704. 

Nutrition, 732. 

Nux vomica, 741, 
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Occlusion, 73. 

Ocher, red, 613, 653; yellow, 613; 
653. 

Octane number, 687, 

Octaves, law of, 429. 

Oil, banana, 699; Chinese wood, 
652, 722; cocoanut, 702; cot- 
tonseed, 80; crude, 679; drying, 
651-2; fish, 652; fuel, 318; g4s, 
680, 683; hydrogenation, 80, 
681; linseed, 651-2, 723; lubri- 
cating, 680; of wintergreen, 
699; olive, 700; rosin, 6te; 
sipes, 652; soya bean, 652. 
Oiidag, 287. ' 

Oil gas, 680, 683. 

Oil wells, 680, 681, { 

Oleic acid, 700. 

Olein, 700. 

Oleomargarine, 704; nut, 704. 
Oleum, 402. 

Olszewski, 225. 

Onnes, 91, 245. 

Onyx, 459. 

Open-hearth process, 600. 

Opium, 742. 

Ore treatment, 494. 

Organic acids, 696-8. 

Ortho-silicic acid, 460. 

Osmosis, 73. 

Ostwald, 266. 

Ovens, bee-hive, 291 ; by-product, 
292-3. 

Oxalates, 698. 

Oxalic acid, 305, 698. 

Oxidation, 47; as related to va- 
lence, 613. 

Oxide, 47; hydrated, 492; non- 
: .metallic, '208. 

Oxone, 51,8. 

Oxy-acetylene blowpipe, 62. 
Oxy-chioride, of antimony, 451; 

of bismuth, 453. j rr 

Oxygen, and decay, 58; and hie, 
57; chemical behavior, 46; oc- 
currence, 40; preparation, 41— 4j 


properties, 46; self-contained 1 

apparatus, 57 ; storage, 45; test; i 

for, 51, 224, 579; uses of, 57- jj 
60. 

Oxygen tent, 60. 

Oxy-hydrogen blowpipe, 60-1. ; 

Ozone, nature, 64; preparation, 

63; properties, 64; uses, 64, 
141,224. 

Ozonizer, 64. 

Paint bases, lead, 650 ; lithopone, 

650 ; sublimed white lead, 650 ; 
titanox, 651 ; zinc oxide, 650. 
Palladium, 663. 

Palmitic acid, 700. 

Palmitin, 700. 

Paper, making of, 713-17 ; parch- 
ment, 714. 

Paraffine, 680, 683. 1 

Paregoric, 741. I 

Paris green, 449. , I 

Parkerizing, 613. | 

Parkes’ process, 630. | 

Pasteur, portrait, 736; work, 735. 

Pearls, 532. | 

Peat, 316. ■ | 

Pectin, 712. ■ ^ ^ 

Percentage composition, 159. | 

Perchloric acid, 211. ? 

Periodic law, 428. | 

Periodic table, 431, 433. '\ 

Perkin, portrait, 569. ' 

Permalloy, 609. ; 

Permanganates, 658. 

Permanganic acid, 658. I 

Permutit, 147-8, j 

Peroxide, of barium, 108, 543; 
of hydrogen, 108; of nitrogen, j 

266. 1 

Persulfuric acid, 211. \ 

Petrified wood, 459. 

Petrolatum, 683. 

Petroleum, 679-83. 

Petroleum ether, 680. 

Petroleum jelly, 680. 
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pH value, x. 

Phenol, 274, 695. 
Phenol-phthaiein, 213. 

Phlogiston, 48-9. 

Phosgene, 307, 415. 

Phosphates, as fertilizers, 446-8; 

calcium, 441, 

Phosphorescence, 670. 

Phosphoric acid, 447. 

Phosphoric oxide, 447. 
Phosphorous acid, 447. 
Phosphorous bromide, 421. 
Phosphorous iodide, 423. 
Phosphorous oxide, 447. 
Phosphorus, as a fertilizer, 446-8, 
586; acids, 447-8; allotropes, 
442; in steel, 594, 599; occur- 
rence, 441; poisonous, 742; 
preparation, properties, and 
uses, 441-4. 

Phosphorus pentoxide, 447. 
Phosphorus sesquisulfide, 444. 
Photography, 633; steps in, 633-5. 
Photomicrographs, 452, 608. 
Photosynthesis, 237-8. 

Physicd changes, 31. 

Physics, 31, 

Pickling, 737. 

Picric acid, 231, 274. 

Pictet, 225. 

Pigments, 653. 

Pitchblende, 667. 

Plant food, 301. 

Plaster, 537. 

Plaster of Paris, 541. 

Plastics, 272, 724-8. 

Platinum, 661; occurrence, 661; 

properties and uses, 662. 
Plumbago, 289. 

Plumbates, 640. 

Plumping, 661. 

Poisons, 741-2. 

Polarization, of ceil, 658; of light, 
710. 

Poling, of copper, 627. 

Polymer, 687. 


Polymerization, 687. 

Porcelain, 572, 674. 

Positive, 633-4. 

Positron, 676. 

Potash, as a fertilizer, 587 ; ' caus- 
tic, 213. 

Potassium, 509, 519, 587-8. 
Potassium acid carbonate, 523 . 
Potassium acid tartrate, 698. 
Potassium aluminum silicate, 580. 
Potassium bromide, 523. 
Potassium carbonate, 522. 
Potassium chlorate, 43, 522-3. 
Potassium chloride, 519-21. 
Potassium chromate, 660. 
Potassium cyanide, 309, 742. 
Potassium dichromate, 660. 
Potassium ferricyanide, 615. 
Potassium ferrocyanide, 616. 
Potassium hydroxide, 522. 
Potassium hypochlorite, 523. 
Potassium iodide, 523. 

Potassium nitrate, 531, 738. 
Potassium permanganate, 658. 
Potassium sulfate, 582. 

Pottery, 573. 

Powder, baking, 517; acid phos- 
phate, 517; cream of tartar, 
517; sodium aluminum sulfate, 
517. 

Powder, bleaching, 542. 

Powder, scouring, 703. 

Powder, smokeless, 275. 

Powder, talcum, 461. 

Precipitate, 36. 

Precipitator, Cottrell, 481-3. 
Preservative, 392, 737. 
Preserving, 737. 

Pressure, effect on density, 90; 
on volume, 86-8; standard, 9, 
84. 

Prest-o-lite, 325. 

Priestley, portrait, 41; work, 41. 
Princess mineral, 613. 

Problems, relating to equations, 
198-200. 
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Process, arc, 265; Bessemer, 596- 
8; Birkeland and Eyde, 235, 
265; blister copper, 626; Carter, « 
649; chamber, 394-6; Claude, 
256; contact, 394-5; Cottrell, 
483; cracking, 681; crucible, 
596; cupellation, 631; cupram- 
monium, 721; cyanamide, 235- 
6; Dutch, 648; electric, 597; 
Frasch, 375-6; Goldschmidt, 
503; Haber, 254; Hall, 496; 
hydrogenation, 80, 681; Le- 
Blanc, 514; long flame, 534; 
nitrogen fixation, 235; open- 
hearth, 596, 601; Parkes’, 630; 
pyroxylin, 720; rotary kiln, 
534; short flame, 534; Solvay, 
514-15; Thomas Gilchrist, 600; 
vinegar, 697; viscose, 720. 
Producer gas, 322. 

Propane, 685. 

Proportions, definite, 22, 154, 157 ; 
direct, 90; inverse, 88-9; mul- 
tiple, 154, 157. 

Protection of iron, 612-13, 
Proteins, 728. 

Protons, 28. 

Prussian blue, 616, 653. 

Prussiate of potash, red, 615; 

yellow, 616, 

Ptomaines, 741. 

Puddling, ,595. 

Pumice stone, 461. 

Piaxification, of water, 132-44. 
Purifier, 565; in steel, 605. 

Putty, 533. 

Pyralin,272,727. 

Pyrene, 690. 

,,./:Pyridme, 294. ■ 

Pyroiusite, 657. 

Pyrophosphoric acid, 448. 
Pyroxylin silks, 720. 

Quartz, 457. 

Quicklime, 300, 530. 

Quicksilver, 557. 

Quinine, 740. 


Radical, ammonium, 258; defined, 
186; valence of, 186. 
Radio-activity, 667. 

Radium, A-F, 675; behavior of, 
669; discovery of, 667; uses, 
672. 

Radon, 674-5. 

Rain-making, 303. 

Ramie, 718. 

Ramsay, portrait, 242; work, 241. 
Range, explosive, 328. 

Raoult’s laws, 172, 345. 

Rayleigh, portrait, 241; work, 241. 
Rayon, 720-1. 

Rays, alpha, 672; Becquerel, 668; 
beta, 672; gamma, 672; X-, 
669. 

Reacting weights, 154. 

Reactions, endothermic, 33; ex- 
othermic, 33; run to comple- 
tion, 365-8; run to equilibrium, 
365. 

Red, Indian, 613; Venetian, 613. 
Red lead, 646. 

Reducing agent, 75, 292, 294, 307, 
336, 391, 501, 613, 644. 
Reduction, 75, 498, 613-14. 
Refining, 627. 

Refraction, double, 530. 
Refractory, 288. 

Refrigeration, 302, 392-3, 737. 
Refuse, 233. 

Regenerative furnace, 600. 
Replacement series, 76; tables, 
application of, 505. 

Resins, 722. 

Reverberatory furnace, 595. 
Reversibility, 365. 

Rhodanized metals, 663. 
Rhodium, 662. 

Rhombic sulfur, 378. 

Richards, portrait, 157; work, 
156. 

Rochelle salts, 698. 

Rock, bed, 577; mantle, 577. 
Rock phosphate, 441, 542. 

Rolling mill, 603. 
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Rosens meiai, 453. 

Rosin, 702, 723. 

Rosin oil, 652. 

Rouge, 613. 

Rubber, 723-4; vulcanizing, 381, 
723-4. 

Rubies, 566. 

Russia iron, 613. 

Rusting, 611- 

Rutherford, 671. 

Rutile, 664. 

Sabatier, 80. 

Saccharin, 739. 

Saleratus, 523. 

Salicylic acid, 738. 

Saltpeter, 521; Chile, 209, 264, 
512. 

Salts, acid, 401-2; double, 571; 
ethereal, 698; naming of, 217; 
normal, 401-2; preparation of, 
216-17, 

Sandarac, 723. 

Sand blast, 457. 

Sandstone, 457. 

Saponification, 699, 700. 

Sapphires, 566. 

Sard, 459. 

Saturation, 363-4. 

Scale, boiler, 146. 

Scheele, portrait, 42. 

Schonbein, 273. 

Scouring soaps, 457, 

Sedimentation, 132; with coagu- 
lum, 133. 

Selenium, 664-5. 

Self-tempering steel, 610. 

Series, acetylene, 687; aromatic, 
688; benzene, 684; electromo- 
tive, 505; ethylene, 686; homoh 
ogous, methane, 684; paraffine, 
684; straight-chain, 685, 687. 

Sewage, disposal, 233; purifica- 
tion of, 233. 

Shale, 461. 

Shellac, 723. 

Shells, 531-2. 


Sherardizing, 553. 

Shot, 449. 

Siderite, 591. 

Siemens, 600. 

Sienna, 613. 

Silica, 653; amorphous, 458; oc- 
currence and properties, 459-60. 
Silica gel, 476. 

Silicates, 461, 493. 

Silica ware, 458. 

Silicic acids, 460-1. 

Saicon, 456, 579, 594, 598. 

Silicon steel, 610. 
saicon tetrafluoride, 460. 

Silk, artificial, 273, 720; cu- 
prammonium, 721; ecru, 717; 
pyroxylin, 720; viscose, 720; 
weighting, 644, 719. 
saver, e.xtraction, 630; occur- 
rence, 630; plated ware, 631; 
properties of, 631; sterling, 631; 
uses, 631-2. 
saver bromide, 633. 
saver chloride, 633. 
saver iodide, 633. 

Silver nitrate, 632, 742. 
saver, oxidized, 632. 
saver sulfide, 633. 

Sink, limestone, 533. 

Sintering, 495. 

Sky writing, 418. 

Slag, 501-2. 

Slaked lime, 535. 

Slate, 461. 

Smithsonite, 551. 

Smoke, 336. 

Smoke consumer, 336-8. 

Smoke curtain, 417. 

Smoke screens, 418, 664. 
Smokeless powders, 274. 

Sneeze gases, 450. 

Snowdrift, 81. 

Soap, Castile, 700; floating, 703: 
lime, 701; marine, 701; medi- 
cated, 703; naphtha, 703; pow- 
dered, 703; soft, 700; special, 
703. 
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Soapstone, 461. 

Sobrero, 272. 

Soda, baking, 300, 513; caustic, 
213, 513; washing, 513. 

Soda lime, 291. 

Sodium, extraction, properties, 
and uses, 509-10, 579. . 

Sodium acid phosphate, 448. 
Sodium aluminate, 564. 

Sodium benzoate, 738. 

Sodium bicarbonate, 513-14. 
Sodium borate, 562-3. 

Sodium carbonate, 513-14, 516. 
Sodium chloride, ;510. ' 

Sodium cyanide, 518, 635. 

Sodium hydroxide, 71, 512. • 
Sodium hjrpocMorite, 740. 

Sodium nitrate, 512, 584. 

Sodium permanganate, 292. 
Sodium peroxide, 518. 

Sodium phenylate, 292., 

Sodium potassium tartrate, 698. 
Sodium salicylate, 702. 

Sodium silicate, 461, 702. , ■ 
Sodium sulfate, 512. 

Sodium sulfite, 390. 

Sodium tetra-borate, 562-3. 
Sodium thiosulfate, 518., ' 

Sodium tungstate, 663. 

Softening plant, 149. ^ 

Soils, 577-81. ' . ■ 

■Sol, ',476.. ■•■ 

Solder, 643.. 

Solubility, ■ curves, ,v:l 18; .-defined,: 
: 1 116; : effect of ., pressure, '119;, 
effect of temperature, :1 17. 
Solute, 114, 116-17. 

Solution, characteristics of, 33, 
114-15; concentrated, 116; con- 
trasted -with suspensions, 475; 
dilute, 116; freezing point and 
boiling point, 120; Labar- 
raque^s, 413; molar, 170, 351; 
normal, 213; saturated, 115; 
solid, 451; speed of, 120; super- 
saturated, 124; true, 473. 


Solvay, portrait, 516; process, 
514-15. 

Solvent, 114, 116. 

Specific heat, 102. 

Specific weight, 102. 

Spectroscope, 524. 

Spectrum chart, facing 524. 

Spelter, 551. 

Sphalerite, 651. 

Spiegeleisen, 598-9, 657. 

Sphmerets, 721. 

Spontaneous combustion, 54. 

Springs, suite, 384. 

Sprinkler, automatic, 453. 

Stability, 103; of carbon dioxide, 

299; of halogen acids, 424; of 
nitric acid, 267; of sulfites, 390; 
of sulfuric acid, 399. 

Stack, 339. 

Stainless steel, 609. 

Stalactite, 534. 

Stalagmite, 534. 

Standard pressure, 9, 84. 

Standard temperature, 9, 84. 

Stannates, 640. 

Stannic chloride, 643. 

Stannic sulfide, 644. i 

Stannous chloride, 643-4. i 

Starch, 711; altered, 711. 

Stas, 156. I 

Stas^tirt deposits, 519-21. 

Stassfurt mine, 520. I 

States of matter, 9. ,j 

Staybright steel, 610. i 

Stearic acid, 699. I 

Stearin, 699. 5 

Steel, air-cooled, 610; Allegheny, I 

610; alloy, 609; Bessemer, -j 

597-8; case-hardened, 607; | 

chrome-vanadium, 610; chro- ,1 

mium, 609; compared with cast 
and wrought iron, 596; crucible, 

596; electric furnace, 603; 
high-carbon, 606; low-carbon, 

606; manganese, 610; molyb- 
denum, 610; nickel, 609; 


xxi 


XXX 


INDEX 


nickei-chromium, 609; nitral- 
loy, 611; open-hearth, 601; 
photomicrographs of, 608; prop- 
erties of, 596; purifiers, 605; 
roiling, 603; silicon, 610; spe- 
cial alloy, 609; stainless, 659; 
staybright, 610; tempering of, 
606; testing of, 607; tungsten, 
610. 

Stellite, 618, 659. 

Sterilizers, ultra-violet, 139. 

Sterling silver, 631. 

Stibnite, 450. 

Stokers, automatic, 337-8. 

Stoneware, 574. 

Storage, cold, 737. 

Storage battery, 646-7. 

Stove, gas, 332, 499-500. 

Stripping, 592. 

Strontium, 528. 

Strontium nitrate, 543. 

Strychnine, 741-2. 

Stucco, 539. 

Styptic cotton, 615. 

Sublimation, 303. 

Sublimed white lead, 650. 

Substitution, 35; in valence, 188. 

Substitution products, 689. 

Sucrose, 707. 

Sugars, beet, 707; cane, 707; 
grape, 709; invert, 709; maple, 
707; milk, 709. 

Sttini^ 719. 

Sulfates, solubility of, 493; test 
for, 401. 

Sulfides, solubility of, 492; test 
for, 386, 

Sulfides, metallic, 385; of carbon, 
385; of hydrogen, 382; sodium, 
; '390.' ^ 

Sulfites, 394, 738. 

, Sulfur, allotropes, 378; extraction, 
375; flowers of, 376; in soils, 

. 579; in steel, 594, 599; occur- 
rence, 375; properties, 378^80; 
purification of, 376; uses of, 


Sulfur . dioxide, ' as . a bleaching 
agent, 391; as a preservative, 
738, HO; preparation of, 389; 
properties of, 391;, .uses of, 392. 

Sulfur moiiochioride, ' 416. 

Sulfur, oxides of, 389. 

Sulfur springs, 384. 

Sulfur trioxide, 394. 

Sulfuric acid, chemical behavior,, 

■ ■ 399; fuming, 402; preparation, 
394-8; properties, 398; uses, 
400. 

Sulfurous acid, 391. 

Super-phosphate of lime, 447. 

Supersaturation, 124. 

Suspensions, colloidal, 473-8. 

Symbols, 19. 

Synthesis, 33. 

System, English, 10; metric, 10. 

Table, of alloys, vi; of atomic 
numbers, 433; of constants, 
iv; of fuel composition, 314; 
of gas solubilities, iii; of heat 
of formation, v; of metric- 
English equivalents, i; of peri- 
odic law, 431, 433; of solu- 
bilities, ii; of solubilities of 
salts, iii; of vapor tension, i. 

Talc, 461, 548. 

Talcum powder, 461. 

Tankage, 234. 

Tannate, of iron, 615. 

Tannin, 661. 

Tanning, 661. 

Tar, coal, 292. 

Tartar emetic, 452, 742. 

Tartaric acid, 696. 

Taylor, 105. 

Tear gases, 420. 

Temperature, absolute, 91; criti- 
cal, 226; kindling, 61; low^est 
prodiiced, 245. 

Tempering, 606. 

Tests, alcohol, 689; carbonates, 
298; carbon dioxide, 55; chlc- 
rides, 419; flame, 523; hydro- 
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gen, 76; nitrates, 271;. nitrogen, 
231; oxygen, 51; sulfates, 401; 
sulfides, 385; , water, 125. 
TetracMorides, 418. 

Tetra-ethyi lead, 689. 

Textiles, 714. 

Theory, atomic, 154; .■ Bohr’s, 
182; electron, 28; ionization, 
346; kinetic, 27; of valence, 
1,81. 

Thermit, 502-3, 565. 
Thermometers, 557. , ' 

Thermos bottle, 228. 

Thinners, 652. 

Thiosulfuric acid, 402. 

Thomas Gilchrist process, 600. 
Thomson, J. J., portrait, 180; 
theory, 181. 

Thomson, Sir William, 91. 
Thorium, 665, 667. 

Thorium nitrate, 665. 

Thorium oxide, 665. 

Tile, 574. 

Tin, compounds, 643; extraction, 
640; occurrence, 640; prop- 
erties, 641; uses, 641-3. 

Tin amalgam, 558. 

Tin foil, 643. 

Tincture, 116, 422, 694. 

Tinware, 642. 

Titanite, 664. 

Titanium, 502, 605, 664. 

Titanium tetra-chloride, 418, 664. 
Titanox, 651, 664. 

Toluidine, 690. 

Toluol, 274, 688. 

Toning, 635. 

Torricelli, 85. 

Tower, Gay-Lussac, 397-8; 

Glover, 397-8. 

Traffic beacon, 327. 

Tragacanth, 722. 

Transmutation, 6, 675. 

Triads, 429. 

Tri-nitro-toluol, 231, 274, 688. 
Tri-sodium phosphate, 147. 
Tungsten, 242-3, 284, 502, 663. 


Tungsten steel, 610. 

Tunnel, Holland, 306. 

Tumbuli>s blue, 615. 

Turpentine, 411, 652, 684, 688. 

Tuyeres, 499-500. 

Type metal, 452, 643. 

Hlexite, 562. 

TJltramarine, 572, 653. 

TJItra-microscope, 477. 

Ultra-violet lamp, 140. 

Ultra-violet rays, 132, 139. 

Umber, 613. 

Unsaturated hydrocarbons, 684-5, 

Uranium, 502, 664. 

Uranium carbide, 254. 

Urey, Harold C., 73. 

Use of chemicals, 132, 141. 

Vacuum pan, 708. 

Valence, defined, 177; electron 
theory of, 181-6, 348; graphi- 
cal, 178; in binary compounds, 
178; kinds of, 178; of radicals, 
186; related to substitution, 
188; table of, 190; variable, 
187; wwking tool, 189. 

Vanadium, 663. 

Vanillin, 694, 739. 

Van’t Hoff, 350. 

Vapor, aqueous, in air, 239; ten- 
sion of, viii. 

Varnishes, oil, 723; spirit, 723; 
turpentine, 723. 

Vaseline, 683. 

Vehicles, boiled oil, 652; Chinese 
wood oil, 652; fish oil, 652; 
linseed oh, 651; rosin oil, 652; 
sipes oil, 652; soya bean oil, 
652. 

Venetian red, 613. 

Ventilation, 240. 

Vermilion, 559, 653. 

Vinegar, artificial, 697; natural, 
697. 

Virginium, 18. 

Viscose silk, 720-1. 
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Vitamins, effects of, ^ 

soluble, 730; kinds, 73(^1, 
sources, 730-1; water-soluble, 
730-1. 

Vitriol, blue, 401, 629; ^n, «!, 
615; oil of, 399; white, 401, 

655. , , 

Volumes, affected by change of 
level, vii; affected by pres- 
sure, 86-8; affected by temper- 
ature, 90-2; affected by vapor, 
viii; relative, 200-2. 

Vulcanizing, 381, 725-6. 


Washing soda, 147. 

Water, a base-former, 103; a 
catalyst, 105; an acid-former, 
104; analysis of, 106; as a 
solvent, 102; as a standard, 
100-1; chemical properties of, 
103-4; composition by volume, 
105; composition by weight, 
106; density of, 100; hard, 131; 
impurities in, 130; its abun- 
dance, 99; metals and "water, 
103; properties, 99; purifica- 
tion of, 132; synthesis of, 106; 
test for, 125. 

Water gas, 323. 

Water glass, 461. 

Water vapor, 223. 

Weathering, 577. 

Weights, atomic, 155; changes, 
65; combining, 152; molecular, 
158, 171; of one liter, 171; 
reacting, 154; relative, 199; 
specific, 101. 

Welding, acetylene, 78; autoge- 
nous, 503; thermit, 502-3. 

. Wells, Horace, 277. 

Welshach mantles, 334. 

Whisky, 692. 


White arsenic, 449. 

White lead, 648, 650; sublimed, 

■649. 

WMtewasli, 63T. ■ ^ 

Wlntiiig, 65S. 

Willson, 324. 

Wine, 692. 

WSMer, 678. 

Wood, 315. 

Wood aicoiiol, 291, 308, 691. 
Wood, petrified, 459. 

Wood’s metal, 453. 

Wool, 716, 718. 

Wroblewski, 225. 

Wrought iron, 595-6. 


Xantho-proteic acid, 269. 

Xenon, 247. 

X-ray, spectrum, 435; tube, 436. 
Xylidine, 690. 

Xylol, 688. 

Xylyl bromide, 421. 

Yeasts, 734. 

Zeolites, 147. 

Zero, absolute, 91-2. 

Zinc, alloys, 554; extracted, 551 
properties, 551-2; test for, 554 
uses, 552. 

Zinc amalgam, 558. 

Zincates, 552. 

Zinc chloride, 555. 

Zinc chromate, 660. 

Zinc oxide, 555, 660. 

Zinc sulfate, 72, 555. 

Zinc sulfide, 555. 

Zinc white, 565, 650. 

Zircite, 664. 

Zirconium, 664. 

Zsigmondy, 476. 

Zymase, 692. 


